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When you have uncontaminated, plentiful core specimens on which 
to base your judgment, you can apply your experience to best q 

advantage in deciding the next step to be taken in drilling an oil 

well. A chess expert can probably solve the problem shown above 

blindfolded—but no one wants to work in the dark with the cost 

of a well at stake. 


Be Guided By GOOD CORES While 
Drilling Your Well 


Mere bailer samples or even ordinary core fragments are not suffi- 
cient to serve as a dependable guide for drilling procedure. That's 
why experienced cable tool operators prefer to run a Baker Cable | 
Tool Core Barrel. They Anow with a Baker on the job, whether 
drilling in hard shale or in soft or broken strata, that coring results 
are going to be good. 


YOU DON'T HAVE TO GUESS 


Where to locate casing seats for water shut-offs— 

Whether sands are dry, water-bearing or oil-bearing— 
What the degree of porosity may be— 

These and other important factors can accurately be determined 
from the perfect cores consistently recovered with the Baker Cable 
Tool Core Barrel. 


SIMPLE, EFFICIENT OPERATION 


The efficient design and operation of the Baker Cable Tool Core 
Barrel makes it possible for any competent driller to take good 
cores right from the start. Drilling progress is generally as fast 
with this core barrel as with a bit, and hole is kept to full gauge. 


Write for late illustrated bulletin giving complete details and speci- 
fications or refer to Baker Section . . . 1937 Composite Catalog. 


*White to move and mate in three. 


BAKER O/L TOOLS,INC. 


LAfayette HUNTINGTON PARK, CALIFORNIA — 2959 E. Slauson Ave. 
T WaAyside 2108— HOUSTON PLANT AND OFFICE —6023 Navigation Blvd. 
iga 


MID-CONTINENT OFFICE AND WAREHOUSE: 
Telephone 2-8083 —Tulsa, Oklahoma— 312 East Fourth Street 


WEST TEXAS BRANCH OFFICE EXPORT SALES OFFICE ROCKY MOUNTAIN HEADQUARTERS 
Odessa, Texas —Telephone 217 Rm. eee yy New York City Tel. 2230-Casper, Wyoming —Box 1464 
el. Digby 4.5515 


BAKER CABLE TOOL CORE BARREL 
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LOID RECORD 


Haloid Record meets all the requirements of geophysical recording. It 
develops fast . . . is always uniform in performance . . . dependable . . . 
gives vivid contrast—pure blacks, brilliant whites. Haloid Record shows 
its superior qualities in the field or laboratory. 


Grade HB 28 (sensitized on L. L. Brown Linen Ledger) . . . 100% white 
tag content—is tremendously strong. Resists the severest abuse. Reduces 
curl and emulsion breaks to a minimum. Well worth the slight additional 
cost. 


Haloid Record Grade B is sensitized on a regular grade base stock. High 
quality record emulsion . . . same uniform results. Costs less than Grade 
HB 28. 


PROVE THESE CLAIMS YOURSELF 


Prove Haloid Record superiority at our expense. Send for FREE sample 
—_- roll of either Haloid Record Grade HB 28 (L. L. Brown Linen Ledger 

stock) or Haloid Record Grade B (regular stock); with price lists 
and discounts. 


THE HALOID COMPANY, ROCHESTER, N. Y. 
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Announcing 
. A New Core Orientation Service 


Less Expensive—More Accurate 
Sperry-Sun’s 
POLAR CORE ORIENTATION 


(U. S. Patents 1,792,639; 1,778,981 and others pending) 


We take e in announcing that the Sperry-Sun Well Surveying Company 
has Seabee’ and now has ready for service a laboratory for the purpose of 
ining the orientation of cores. 


The value of knowledge of the direction of dip is evident to any experienced 
operator or geologist, not only in the case of wildcat wells and core holes 
to determine structure, but in proven areas to determine when wells have passed 
through faults or crossed the axes of asymmetrical anticlines into areas from 
which they should be deflected. 


The method employed is original and entirely different from those previously 
used. The superiority of Sperry-Sun’s Core Orientation lies, not only in its accuracy 
but also in the fact that it does not interfere with the progress of drilling. The 
orientation is determined in a laboratory, to which selected cores, taken by any type 
core barrels in the ordinary course of drilling and properly marked, are shipped 
from any distance. No special equipment is required at the well, there is no Joss of 
drilling time. The resulting saving in time when translated into dollars shows a 
substantial saving over former methods. 


CONFIDENTIAL—It is understood that this 


service is absolutely confidential between our a. For determining the Orientation from a set 
company and its customer. of three to five sample cores—$150.00. 

VI ‘One set of not less show, charge 
than three (3) and not more than five 


samples of preferably fresh cores with vis 
indications of a and obtained 
le 


from within a range 


of 30 to 50 + 
carefully packed to avoid breakage, sho’ 


be mailed to our Laboratory at 54: 
Road, Long Beach, Californi 


9 East Bixby 


The 


should be accompanied by a letter stating the 
depth at which ia were taken, also identify- 


ing the well by a Code Numbe 


x and its approx- 


imate location by naming the Field, unty 
and State. The inclination and its direction of 
that part of the hole from which core samples 


originate should also be given. 


The sam must be not less than two (2) 
inches in diameter and three (3) inches long. 


berpen- 
dicular to the axis. Samples of larger sizes 


Samples must be marked ‘'Top’’ and ‘‘Bottom’’. 
direction 


This is important as 


otherwise the 
the bedding plane might be reversed by 180°. 
A comprehensive report on the findings will 
customer at the 


be delivered to the 
possible 


earliest 


be only $75.00. 


c. If after preparation of cores, no stratifica- 
tion is visible, the charge will be only $40.00. 


d. If during test polarization or stratification 
fails to show and customers submit within 
two weeks another set of samples from the 
same well and if determination of the 
orientation of this second set is successful, 
the fee for this second test will be $150.00 
minus the amount paid for the first test. 
This charge is limited only to the second of 
two successive determinations. 

If core samples are called for at customer's 

location at his req e 

of ten cents (10c) per mile be charged 

the round trip. 

Remittance service fee must accom- 

pany cores from foreign countries. 

tomer’s a e jun 

Company does not assume any hability koe 


moment. any cause. 
This service, now being offered the industry, has through years of prelim- 
inary experimentation and has proven itself thoroughly reliable and highly 
su . It is a pleasure to open our Long Beach Laleneioay for your service. 


SURWEL CLINOGRAPH 


SYFO CLINOGRAPH 


H-K CLINOGRAPH 


| SPERRY-SUN WELL SURVEYING COMPA 
1608 Walnut Street, Philadelphia, Pa. 


HOUSTON, TEXAS 
3118 Blodgett Avenue 


S49 E. Bixby Rd. (1809 Block 
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For Your Convenience .. . 


Spencer offers this 


NEW 
Accessory Catalog 


OU will find here in conveniently readable form, and well illustrated, a 
complete catalog of the optical and mechanical accessories and sup- 
plies needed by the microscopist. 


Objectives, eye-pieces and condensers cover the complete range of mag- 
nifications and give suitable corrections for any type of work. 


Measuring and counting accessories, including scales, reticules and cross 
lines to assist the microscopist in tabulating detailed information; camera 
lucidas for making drawings; vertical illuminators for the examination of 
opaque specimens; polarizing accessories for studying and measuring 
optical characteristics; and mechanical stages for convenience in manipulat- 
ing the specimen are included. 


This catalog includes slides, cover-glasses, lens 
paper, slide labels, immersion oil and slide boxes. 


Buffalo, New York 


SPENCER LENS COMPANY 
Dept. C-7-2, Buffalo, N.Y. 


Please forward this new Spencer Microscope Accessory Catalog. 
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DURABLE 


Experience shows that Askania Torsion Balances give a 


higher ratio of satisfactory field operation hours per unit 
than other geophysical instruments and apparatus. This is 
because durability is built into Askania Balances; they 
even stand occasional rough treatment in the field remark- 
ably well. 

- Careful designing and strong construction combine to 
assure you that Askania geophysical equipment stands up 
under the most trying field conditions. In addition our free 
inspection service helps to keep Askania equipment in top 
condition over a longer time than otherwise would be 


AMERICAN ASKANIA CORPORATION 
M. & M. BUILDING HOUSTON, TEXAS 


Portable Fast Accurate Durable Standard 


4 
4 2 
vi 
cia: 
q 
possible. . 
z Write for our new torsion balance bulletins, 87120 and 
87121. 
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The sensational growth of Dowell and its service to oil 
producers is a direct reflection of its value. 


By giving the oil industry a genuine scientific approach 
to chemical well treatment—by developing a sound 
technique and superior materials—by providing ad- 
vanced equipment and a well trained personnel— 
Dowell has achieved complete leadership in the field. 


DOWELL INCORPORATED 


Subsidiary of THE DOW CHEMICAL COMPANY 
General Office: Kennedy Bldg., Tulsa, Okla. 


IN MEXICO .. . DOWELL SOCIEDAD ANONIMA, Apartado 2424, 
Mexico, D. F., Mexico .. . Tampico, Tamaulipas, Mexi 


DISTRICT OFFICES 


EUREKA, KANSAS MIDLAND, TEXAS SHREVEPORT, LOUISIANA 
GREAT BEND, KANSAS MT. PLEASANT, MICHIGAN TULSA, OKLAHOMA 
HOBBS, NEW MEXICO SEGUIN, TEXAS WICHITA, KANSAS 
LAWRENCEVILLE, ILLINOIS SEMINOLE, OKLAHOMA WICHITA FALLS, TEXAS 


LONG BEACH, CALIFORNIA SHELBY, MONTANA 


OIL AND GAS WELL CHEMICAL SERVICE 
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THE ECONOMIC STRUCTURE OF THE AMERICAN 
PETROLEUM INDUSTRY! 


JOSEPH E. POGUE? 
New York, N.Y. 


ABSTRACT 


This paper presents an analysis of the economic forces that govern the functioning 
of the American petroleum industry, and outlines the changes that are taking place 
in their incidence. After a general introduction, the study deals with the five structural 
components of the industry—exploration, production, transportation, refining, and 
marketing—then takes up a number of special aspects of the business, and concludes 
with emphasis on the evolving aspects of the new structure introduced by the institu- 
tionalization of proration. The field of exploration is accorded rank as a separate 
economic function, coérdinate in importance with production, and it is shown that 
sustained discovery is dependent upon multiple competitive effort despite revolutionary 
advances in the technique of search. Production, long dominated by the principle of 
capture, is described as undergoing fundamental modification under the impact of a 
control mechanism, itself in course of change. Proration is analyzed as a conservation 
measure and as a device for balancing supply and demand, tending to nullify the 
adverse effects of the rule of capture; with further developments to this end suggested. 
The specialized nature of transportation is described and its integrative aspects noted. 
The refining function is viewed with special regard to the powerful influence of changing 
technology. The field of distribution is examined as the terminal expression of economic 
pressures and an incipient schism of the retail function is noted. Throughout, the 
desideratum of equilibrium is emphasized and employed as a criterion in judging func- 
tional effectiveness. Finally it is pointed out that the oil business is the first great 
American industry to develop a new method of conducting its business. Its experi- 
ment with a new operating form has made some headway toward the practical solution 
of a complicated problem of unique character. 


INTRODUCTION 


The petroleum industry is marked by two features which, while not 
lacking in other industries, are nevertheless not so thoroughly de- 
1 Read before the Third World Power Conference at Washington, D.C.,September, 


1936. Reprinted by permission of the writer and the Third World Power Conference, 
O. C. Merrill, director. 


2 Vice-president, The Chase National Bank; formerly consulting engineer. 
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veloped elsewhere. These special characteristics are: a vertical struc- 
ture that involves an integration of activities from the raw material 
to the ultimate consumer; and the presence of an essential func- 
tion, discovery, that must operate far in advance of the production of 
the raw material. The petroleum industry, therefore, rests upon the 
coérdinated operation of five sequential fields of activity—search, 
production, transportation, manufacturing, and distribution—each 
unique and specialized, and all directed and adjusted by the economic 
forces that surround this complex of activities. The petroleum indus- 
try in the United States is also distinguished from this field of enter- 
prise in most other countries by the prevalence of oil fields of sub- 
divided ownership. Under the impact of the rule of capture, this 
circumstance gives rise to an uneconomic phase of interlease competi- 
tion which constitutes a handicap that the industry has succeeded 
in mitigating through the development of unit operation and prora- 
tion, but has not yet eradicated. Functional integration, the neces- 
sities of continuing discovery, and the influences set up by the rule 
of capture, will go far toward providing the basis for an economic 
analysis of this large and important component of the national 
economy. 

The purpose of this paper is to attempt to set forth the economic 
forces that activate the American petroleum industry, to appraise 
their effectiveness and limitations, and to outline the functional 
changes that are taking place in this field of enterprise. To this end 
we shall strive to visualize the economic structure of the industry 
in both space and time and thus view the problem in its dynamic 
aspect. 

GENERAL DESCRIPTION OF THE INDUSTRY 


The petroleum industry is based upon the utilization of a natural 
resource, petroleum, and also draws upon the heavier components of 
a related hydrocarbon, natural gas. Petroleum is widely distributed 
both geographically and geologically, but is confined to sedimentary 
rocks and favors the geologically younger rocks of the earth. The 
individual deposits of oil are widely scattered, usually small in ex- 
tent, and are hard to find. A scarcity element is, therefore, often in- 
volved. According to Pratt:* 

Of the proven reserves of oil in the world today, amounting to somewhat less 


than 25 billions of barrels, approximately one-half are within the United 
States. The enterprise of winning oil from the earth is essentially a geological 


* Wallace Pratt, “Oil Production—Its Development and Stabilization.’’ Address 
— Natural Resources Round Table, U. S. Chamber of Commerce, Washington, 
ay I, 1935. 
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venture. Oil fields are invariably creatures of the shore processes of former 
seas. Just as coal results from the metamorphosis of the organic matter of 
former plants, buried in the fresh water of inland swamps, so oil forms from 
the remains of marine life that are entombed in the briny muds of shallow-sea 
floors. 


The American petroleum industry is large in size and occupies 
an important position in the national economy. While accurate 
figures are not available, a capital investment of the order of magni- 
tude of 12 billion dollars is estimated to be involved. According to 
the American Petroleum Institute,‘ the oil business employs di- 
rectly about 1,000,000 people, and in 1934, its pay roll was nearly 
$1,250,000,000 (Fig. 1). ‘It has been notably free from labor troubles, 
due to liberal policies in dealing with a large and exceptionally high- 
grade personnel.’ Because of its high degree of mechanization, the 
ratio of capital to number of employees is large, the indicated relation- 
ship being $12,000 of investment for each worker. This ratio is much 
larger in production, transportation, and refining than in the field of 
distribution where 72 per cent of the total personnel is concentrated. 
This relationship alone accords distribution a different status from the 
rest of the industry and binds it thereto with a weaker link than is 
found uniting the other functions. 

The growth of the American petroleum industry has been very 
rapid (Figs. 2 and 3) and the growth factor has exerted a profound 
effect upon the economic structure of the business. Although pe- 
troleum was first produced commercially in the United States in 
1859, the industry has only assumed quantitative importance in the 
past 25 years, paralleling the rise of automotive transportation. 
The demands of new and expanding markets, in conjunction with the 
potentialities of commodity and energy values in liquid form, formed 
the stimulus for the creation de novo of a specialized enterprise, which, 
finding few materials ready at hand in the general economy, proceeded 
to construct its full range of activities in integrated form. To a notable 
degree the petroleum industry is organized along vertical, self-con- 
tained lines. The same set of circumstances determined the prevailing 
pattern of the corporate structures underlying the bulk of the in- 
dustry. About three-fourths of the business of the petroleum industry 
is conducted by companies engaged in all branches of the business, 
while the rest is transacted by units operating in only one or two 
divisions. Integration, however, is rarely complete even within the 
boundaries of the so-called integrated companies, so that the vast 
majority of companies are bounded to some extent by economic 


4 American Petroleum Industry (Amer. Petrol. Inst., New York, 1935), p. 18. 
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frontiers across which the flow of oil must pass. It is at these frontiers 
that the interplay of competitive forces is most intense. 

If one were to construct an “economic map” of the industry, he 
would find that the boundaries of the economic entities would not 


(a) No. of Employees (b) Payroll 
Ay. /934 Total /934 
1/000 100% 
(c) Production Yy 90 
Pipe Lines 2% | 
80 
Refining (nil 
= 
(f) Marketing \1 .722 t= 
Figures Are Figures Are 
Thousands of Millions of 
Ladividvals Dolslars 


Fic. 1.—Number of employees and aggregate payroll of American petroleum 
industry in 1934. (Data compiled by Planning and Codrdination Committee under 
the Petroleum Code.) 


coincide with departmental or corporate limits, but would surround 
spheres of economic interest which might be labelled: the producer, 
the producer-refiner, the purchaser-refiner, the producer-refiner- 
marketer, the purchaser-refiner-marketer, and the purchaser-mar- 
keter. The structure of this assemblage is such that economic forces 
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are transmitted with unequal intensity through the several areas. 
The producer-refiner-marketer, for example, affords a conduit for 
the transfer of the pressure of low-cost production directly over into 
the price of products. The purchaser-refiner transmits the same pres- 
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Fic. 2.—The world’s crude-oil production in 1935, by countries and areas. - 
(Courtesy of The Lott 

sure to a like end through the medium of cut-rate purchases of crude , ane 

oil. The zone between the refiner and the purchaser-marketer is occu- 

pied by a barrier where the buyer and seller of gasoline at wholesale ‘ 

meet and create a relatively free market. The producer-refiner- 

marketer and the purchaser-refiner-marketer compete in the retail 
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market, with different costs; the one against the other and both 
against the purchaser-marketer. 

In addition to its integrative tendency, the petroleum industry 
has assumed the general form of large-scale enterprise. Being by 
nature a “‘capital’’ industry, this activity has logically developed 
around nuclei of large and massive operations. Yet, despite the 
dominance of large units, or perhaps because of them, a condition of 
active competition has prevailed and changes in the industry have 
been rapid and progressive. The number of separate enterprises are 
fewest in refining and transportation, and greatest in production and 
distribution. The 1936 edition of the World Petroleum Directory, for 
example, devotes 12 and 27 pages, respectively, to a description of 
pipe line companies and refiners; but 169 pages to producers; and 276 
pages to marketers. The oil industry, therefore, displays in this re- 
spect a sort of hourglass pattern, with the raw material drawn from 
numerous sources, concentrated in the processes of transportation and 
refining, and again spread out in the form of products through in- 
numerable channels. This structure is consistent with the nature of 
the enterprise and the technologic factors available for its conduct. 

Two other broad characteristics of the petroleum industry may 
be noted. Oil refining is a multiple-product operation, turning out a 
main product (gasoline) and a host of by-products. This feature 
creates difficulties in cost accounting and problems in balancing the 
supply of and demand for the by-products. The laws of joint-product 
prices are here invoked and technologic change is continuously 
stimulated. The petroleum industry as a whole is a type of activity 
that requires a large capital investment per worker. Thus the capital 
factor is more important than the labor factor. Two consequences 
flow from this circumstance: (a) the industry is particularly suited to 
operation by large aggregates of capital (not so true of the distribut- 
ing division); and (b) the industry is especially susceptible to losses 
arising from the incidence of technologic change. 

An important resultant of the large amount of capital employed 
in the petroleum industry is found in the wide and growing applica- 
tion of technology to the reduction of costs, improvement in process, 
and betterment of products. In few industrial fields have applied 
science and engineering methods been so assiduously developed and 
utilized. Geology, paleontology, geophysics, mechanics, metallurgy, 
and chemistry are drawn upon in large and increasing measure. To 
cite a prominent example, the American Association of Petroleum 
Geologists, founded in 1916 to promote the application of geology to 
oil finding and oil production, has a membership of 2,134** and its 

4 2,330 in December, 1936. 
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monthly Bulletin is an invaluable contribution to theory and practice 
in this field. 


A balance sheet of supply and demand for the American petroleum 
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Fic. 3.—Rate of growth of crude oil production in the world and in the United 
States by years, 1875-1935. 
(A) World. 


(B) United States. 
(c) Millions of barrels. 


industry is presented in Table I, which shows for the past 6 years the 
trend and interrelationships of crude oil and its principal products. 


EXPLORATION 


Because of the hidden and elusive location of oil deposits, and the 
effort and cost involved in their discovery, the petroleum industry 
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TABLE I 
TREND OF SUPPLY AND DEMAND IN THE AMERICAN PETROLEUM INDUSTRY BY YEARS 

1930 TO 1935—DATA FROM UNITED STATES BUREAU OF MINES 
(In oF BARRELS) 


SUPPLY, ALL OILS 
Per Cent 
Change 
1930 | I93T | 1932 | 1933 | 1934 | 1935 | 1935 
from 
1934 
Domestic crude........ 898.0} 851.1] 785.2] 905.7] 908.1) 903.9} +9.2 
Natural gasoline........ 52.6} 43-6] 36.3} 33-8] 36.5] 38.9] +9.5 
2.9 1.8 1.4 2.9 +11.6 
Imports, crude......... 62.1] 47-3) 44-7] 31-9] 35-6] 32.2) —9.5 
Imports, products. ..... 43-5] 38.8 29.8) 13.5 14.9] 20.4] +37.0 
Total supply....... 1,058.9] 982.6} 897.0} 986.2] 996.8]1,087.3| +9.1 
Change in all stocks....} —24.0] —45.0] +41.8) +11.0}] —37.8} —22.4, — 
Change in crude stocks..} — —41.0] —30.5] +15.4] —17.0] —22.6, — 
DEMAND, ALL OILS 
Domestic 
403.4] 373-90] 377-0] 407.1] 432.6) +6.3 
Kerosene............ 31.3] 33-2) 38.5] 44.2) 47.7] +7-7 
334-7] 308.2] 316.3] 332.0) 352.7] +6.3 
20.1 16.6) 17.2 18.5 19.6} +6.0 
7.8 9.6} 10.0 7.5 6.7) —10.5 
14.7| 12.7, 11.8} 13.9] 16.4) +18.0 
6.6 5-3 6.4 6.8) +6.1 
38.6 40.9} 45.2] 44.4] 50.2] —13.0 
Miscellaneous........ _ 3-9 2.0 1.5 2.1 2.13 — 
Losses and crude used 
42.6] 30.0) 44.5] 43-2] 45.9) +6.1 
Total, domestic....| 926.5] 903.2] 835.5} 868.5] 920.2) 981.6) +6.6 
Exports, crude......... 23.7 25.5 27.4, 36.6) 41.1 51.4, +25.1 
Exports, products. ..... 132.8} 98.9) 75.9, 70.1 73-4, 76.8) +4.6 
Grand total demand/1 ,082.9]1,027.6| 938.8) 975.2/1,034.6|1,109.8] +7.3 
* Production. 
MOTOR FUEL, SUPPLY AND DEMAND 
Crude to stills.......... 927.4] 894.6] 820.0) 861.3] 895.6} 966.2} +7.6 
Output 
Cracked gas......... 164.4} 176.4) 170.9} 180.6] 182.4) 207.5) +13.7 
Natural (net)........ 49-0} 39.5] 32-4 30.3] 33-3] 36-5) +9.5 
rr 3.7 1.8 1.0) 1.4 1.7 1.9} +11.6 
Straight-run......... 224.6] 220.0] 195.4] 195.6] 206.3) 219.6] +6.1 
Total supply....... 457-6] 451.3 407.9] 423.8] 465.5) +9.8 
Change in stocks....... —2.8) +2.2) —1.4) +1.3} —8.0} +2.5) — 
Domestic demand...... 394.8] 403.4] 373-90] 377-0] 407.1] 432.6] +6.3 
65.6] 45.7] 35-4, 20.3] 24.7] 30.4] +23.1 
460.4} 449.1| 409.3] 406.3] 431.8] 463.0] +7.2 
Percent rec. straight-run| 24.0} 25.8] 23.8] 22.7) 23.1] 22 
Per cent rec. straight-run 
and cracked......... 41.5] 46.4] 44. 43-7| 43-44 44.21 — 
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has never blocked out what might be termed large reserves of its raw 
material. Underground proven reserves of the order of 10 to 15 years’ 
supply have been the rule, at least during the past 25 years, and 
hence a continuous stream of discovery has been necessary to main- 
tain this working stock. Indeed, search for new deposits is an essential 
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Fic. 4.—Correlation of weighted average price of crude oil and number of dry 
holes drilled by years, 1910-35. 
Dry holes. 
B) Price. 


part of the production enterprise and must be initiated and conducted 


several years in advance of current requirements to insure a con- 
tinuity of supply. 


Exploration for crude oil, picturesquely termed “‘wildcatting,” is 
of two general types—random and scientific—and both kinds appear 
to be essential, despite the imposing advances made in recent years in 
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the technique of exploration. The science of geology, fortified of late 
by the science of physics, has directed an increasing proportion of the 
exploratory effort and influenced the random phase; but the problem 
of maintaining discovery is not believed by those charged with the 
responsibility to be solvable entirely by scientifically directed cam- 
paigns but on the contrary requires a multiplicity of effort and a flexi- 
ble approach in order to bring into view the “unorthodox” occur- 
rences. Discovery is a function of the quantity of effort and its caliber; 
of the number of wells drilled and the skill employed in their location; 
of the capital and technology employed. Both elements fluctuate in 
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Fic. 5.—Correlation between weighted average price of crude oil and (a) number 
of dry holes drilled, and (b) number of oil wells completed—the indexes respectively of 
wildcatting and development of effort. Data are for years 1915-35. (After Pogue, 
American Institute of Mining and Metallurgical Engineers, 1936.) 


(C) PRICE IN DOLLARS PER BARREL 


availability, under the influence of price, while the technological fac- 
tor, under competitive effort, has pursued a geometric course of ad- 
vancement. The progress in the technology of oil exploration forms a 
brilliant, but scarcely appreciated, chapter in industrial enterprise; 
the most academic and abstruse phases of scientific technique have 
been requisitioned and turned to practical account, such as micro- 
paleontology, seismic phenomena, and electrical conductivity; while 
the core barrel, the electrical log, the torsion balance, the magnetom- 
eter, the aerial camera, and the seismograph are but a few of the 
devices that are used to gather clues for the effectuation of discovery. 

No entirely satisfactory index of search is available, but the num- 
ber of dry holes drilled constitutes an acceptable measure of the 
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volume of effort going into exploration. These figures are available for 
the entire period that the industry has operated. This index of wild- 
catting effort is strongly influenced by price, as indicated by the 
graphic correlations presented in Figures 4 and 5. Price, therefore, 
operates as a regulator of the volume of effort, but there are other 
elements in the equation that do not respond so readily to price— 
improvements in the art, the chance element in respect to time, and 
the varying size of fields—and hence there appears to be no practical 
way in which discovery can be planned or regulated so as to be kept in 
balance with requirements. This circumstance constitutes a problem 


TABLE II 
TREND OF CrRuDE-Ort DiscovERIES AND NET ADDITIONS TO PROVEN CRUDE-OIL 
RESERVES IN THE UNITED STATES BY PERIODS, 1859 TO 1935, COMPARED WITH PRICE 
AND WILDCATTING Errort (NUMBER OF Dry Hoes DRILLED) 


Crude Number | Oil Dis- 

Produc-| | Chanse Tad of Avera8e | “of Dry | covered 
tion* | Discov- R ws P sod Crudet Holes | per Dry 

Period | Drilled§ | Hole 

Million | Million | Million | Million Per 

Barrels | Barrels | Barrels | Barrels | Barrel Barrels 
1859-I900..... 1,004 | 3,360 | +2,356 2,356 | $1.02 | 32,009 | 105,000 
510] 1,700] +1,190] 3,546 .82 18,057 | 94,000 
1906-10....... 864 1,375 +511 4,057 .69 16,406 | 84,000 
I, 239 2,500 | +1, 261 5,318 -75 16,623 | 150,000 
1916-20....... 1,813 2,925 | +1,112 6,430 2.03 27,853 | 105,000 
1921-25....... 3,240 | 4,100 +860] 7,290} 1.54 | 28,153 | 146,000 
1926-30....... 4,479 | 9,950 | +5,471 | 12,761 | 1.35 | 36,893 | 270,000 
1931-35....... 4,444 | 4,120 —324 | 12,437 -83 19,763 | 208,000 
Total..... 17,593 | 30,030 |+12,437 ais 1.21 |195,757 | 153,400 


* Data from U. S. Bureau of Mines 
| Wet for 1859-1934 from Wallace Pratt, op. cit.; 1935 estimated by writer 
Weighted according to volume produced. 
Data from Oil and Gas Jour. 
in industrial equilibrium which must be solved indirectly, for it 
would be hazardous in times of oversupply to place artificial restraints 
on search; such efforts might appear logical for the short term but 
they would tend to create shortages in the future. 

Thus discovery, the objective of all exploration, is a function not 
merely of the volume of effort, but of its calibre, with a chance variant 
in respect to time coming into account. Hence we find an all too im- 
perfect correlation between price and rate of discovery. Table II 
shows, for 5-year periods, the rate of discovery in the United States 
in comparison with the rate of production and the rate of search (as 
indicated by the dry-hole index). For the entire life of the American 
industry, 153,400 barrels of oil have been discovered per dry hole 
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drilled, and the range of response to the volume of effort has been from 
84,000 barrels per dry hole to 270,000 barrels per dry hole, a wide 
amplitude. The tabulation shows further an upward trend in the re- 
sponse to effort, reaching a high point in the 1926 to 1930 period, but 
not declining drastically in the ensuing 5-year period. This trend is 
undoubtedly caused by improving technology: geology, geophysics, 
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Fic. 6.—Indicated proven crude-oil 
reserve on December 31, 1934. (Data 
from Committee of Petroleum Geologists, 
see American Petroleum Industry, 1935, 
page 35.) 


and the like. For the past 15 years, the discovery response has been 
214,000 barrels per dry hole. Accordingly, the way to discover 1 bil- 
lion barrels of oil is to drill 5,000 dry holes! There is no difficulty in- 
volved in the marshalling of the requisite effort, provided prices are 
flexible; but there is a necessity for retarding drilling in times of over- 
discovery, if low prices are to be avoided. Price is the customary gov- 
ernor under such circumstances, but under the operation of proration 
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(as we shall discuss later), other measures are possible to act as a brake 
on drilling. 

Table II indicates further that a concentration of discovery took 
place in 1926 to 1930, forming the setting in which the institution of 
proration was established. In that period about 1o billion barrels of 
oil were found, of which about 5.5 billion went to the augmenting of 
the proven reserve. It is worthy of note that over half of the reserve 
increment was contributed by a single superpool, East Texas, which 
is of interest in three particulars: (a) East Texas was discovered by a 
random well; (6) the field should logically have been found in the 
middle twenties; and (c) this deposit is unparalleled in size and ulti- 
mate yield (estimated at 3.5 billion barrels). These circumstances 
emphasize the importance of random wildcatting, the chance ele- 
ment in respect to time, and the degree of concentration, in their 
bearing upon the problem of industrial equilibrium. It is natural that 
the absorption of this massive reserve into the oil economy, at an in- 
opportune time, necessitated such radical changes in trade channels 
that the functional aspect of price had to be invoked in accomplishing 
the assimilation. 

The size of the proven reserve of crude petroleum in the United 
States is estimated by the best authorities to be in the neighborhood 
of 11 to 13 billion barrels. The Petroleum Administrative Board of 
the United States Department of the Interior estimated the reserve of 
recoverable oil in the United States on December 31, 1934, at 10.8 
billion barrels.’ A committee of petroleum geologists, at the request 
of the American Petroleum Institute, in late 1935 estimated the 
proven reserve at 12.2 billion barrels as of December 31, 1934° (Fig. 
6). The writer’s estimate for January 1, 1936, based largely upon a 
cumulation of Pratt’s rate of discovery figures as shown in Table II, 
indicates a proven reserve of 12.4 billion barrels. These figures all re- 
late to the volume of oil estimated to be recoverable from known 
fields by present methods at approximately present prices. Rises in 
price or improvements in technique, or both, would greatly augment 
the volume of recoverable oil. Also, none of these estimates includes 
the unknown, but doubtless very great, volume of oil yet to be dis- 
covered. 

Estimates of the proven reserve of recoverable oil have been made 
periodically, and invariably these studies have aroused interest in 


5 Report on the Cost of Producing Crude Petroleum (U.S. Department of the Interior, 
Washington, 1935), p. 133. 


6 Bull. Amer. Assoc. Petrol. Geol., Vol. 20 (1936), p. 4. Also see, American Petroleum 
Industry (Amer. Petrol. Inst., New York, 1935), p. 35. 
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the seeming smallness of the proven reserve, as expressed in number 
of years’ supply, which in recent decades have ranged from about 10 
to 15 years’ supply. The inference has frequently been drawn that a 
shortage was-impending. The proven reserve, however, is not the ulti- 
mate reserve, but is merely the volume of blocked-out oil that the in- 
dustry, under the circumstances prevailing, has brought into sight. 
The size of the proven reserve gives no clue whatsoever to, and logi- 
cally cannot be expected to reveal, the imminence or remoteness of 
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Fic. 7.—Indicated trend of proven crude-oil reserve by years, 1900-35. (After Com- 
mittee of Petroleum Geologists, see American Petroleum Industry, 1935, page 38.) 
(A) Accumulated discoveries. 
(B) Accumulated production. 


scarcity. The proven reserve is in the nature of a working stock, or 
working reserve’; the true reserve is a variable with an unknown, and 
unknowable, component. The only basis for anticipating a scarcity is 
by means of reasoning on the principle of elimination; that each pool 
found means one less to be discovered in the future; but the sheer size 
of the proven reserve sheds no light upon the number of pools yet to 
be found, or the possible commercial enlargement of existing pools. 


_ ™ The optimum size of the reserve depends upon the nature of drilling and produc- 
tion rates. A larger reserve is needed under restricted flow than when the rule of 
capture has free play. 
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Figure 7 shows the development of the reserve as a widening belt 
between the cumulative curves of production and discovery. A glance 
at this chart will convey the impression that the proven reserve is a 
working stock, and that no weakening in the trend is indicated by the 
data. On the contrary, the symmetry of the belt suggests that its 
widening, due to accelerated discovery in the late twenties, was ab- 
normal and confirms the thought that the disequilibrium so created 
provided the occasion for the development of proration. 

The important matter, therefore, in this respect, is not the size of 
the proven reserve but the effective magnitude of the ultimate reserve. 
No answer can be given on this point in a quantitative sense. Indeed, 
the problem is not so much one of finding a way of drawing aside the 
veil that obscures the future, as it is of maintaining an economic 
mechanism that will handle any contingency. The committee of ge- 
ologists, previously referred to, after considerable deliberation, 
reached this conclusion :* 


Large areas within the United States, underlain by sedimentary rocks, 
are only partly explored for oil reserves, whereas the areas already explored 
by the best current methods are relatively small. No satisfactory method has 
been found for assigning a numerical estimate to the amount of oil recoverable 
from undiscovered deposits. The oil to be discovered in the future is so con- 
cealed from observation that an estimate of ultimate reserves in terms of 
barrels is obviously impracticable. However, we do have a definite, although 
incomplete, knowledge concerning the existence in an important part of 
these slightly explored areas of extensive deformation in sedimentary rocks 
which are productive in neighboring districts, of deeper prospects, and of 
other geologic factors which are favorable to the occurrence of oil. This gives 
reason to expect that ample discoveries will be made to meet national require- 
ments for a period of indeterminate length. There is no evidence that dis- 
coveries will not continue to be made for many years. 


In his presidential address® before the American Association of 
Petroleum Geologists on March 19, 1936, A. I. Levorsen, after con- 
sidering the dominance of anticlinal oil in past discoveries and view- 
ing the future potentialities of flank sands, regional unconformities, 
and up-dip wedging of porosity as oil reservoirs, expressed this 
opinion: 

One does not appreciate the possibilities of this sort of geology until time 
and thought have been given to it, and I venture to say that upon investiga- 


tion you will each of you reach the conclusion, as I have, that there are yet 
to be discovered oil and gas reserves almost without limit by those who may 


8 Bull. Amer. Assoc. Petrol. Geol., Vol. 20 (1936), pp. 8-9. 
® “Stratigraphic Versus Structural Accumulation,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 20, No. 5 (May, 1936), pp. ee 
6), PP. 41, 42, 44, and 48. 
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become adept in stratigraphic analysis. . . . Differing from our past methods, 
the possibilities for stratigraphic production cannot be quickly exhausted. .. . 
The day of geology, as applied to the practical problem of discovering a con- 
tinuing oil reserve for our Nation, is just dawning. There can be no doubt that 
an abundance of oil in terms of national demand remains to be discovered. 


One can foresee, however, a development that may readily be mis- 
interpreted when it arises. The number of oil-bearing structural 
traps, which harbor our orthodox oil fields, is limited and the remain- 
ing ones are rapidly being found.’® The time will come when a transi- 
tion will be necessary to a more active search for the unorthodox, or 
stratigraphic, occurrences; and this change, heralded by a rise in 
price, will almost certainly be confused by the casual observer with an 
impending shortage. Under such circumstances a moderate price 
advance can be expected to stimulate the increased scope of drilling 
and intensified application of geological principles to carry supply into 
this new phase. It should be recognized that a flexible price struc- 
ture, active competition, and multiple effort are the only economic 
instrumentalities necessary to gain the optimum discovery of the raw 
material. Barring the introduction of artificial rigidities at the source, 
the problem is likely to remain with but few interruptions; how to 
retard the overdrilling of discoveries in order to prevent the freezing 
of capital in unneeded potentials. 


PRODUCTION 


The production of crude petroleum, under conditions prevalent in 
the United States, involves a stubborn economic problem, or rather an 
issue that became obdurate when the industry matured and tech- 
nological progress reached a state of high proficiency. This problem 
is the resultant of the asymmetrical character of the production 
mechanism; that is to say, the mechanism is such that it accelerates 
more readily than it retards. The principal cause of this unbalanced 
reaction is the incidence of a special type of competition, arising from 
a legal technicality, superimposed upon the normal elements of indus- 
trial competition. This anomaly is the rule of capture, which ascribes 
ownership not to the oil in place but only to the oil when reduced to 
possession. Thus, wherever an oil field is composed of areas of divided 
ownership, drilling is motivated not by economic conditions (as re- 


10 In a paper presented before the Tulsa meeting of the Institution of Petroleum 
Technologists in May, 1936, E. DeGolyer, a leading student and practitioner in the 
field of oil discovery, stated that in a few years all structural accumulations of oil 
that can be located by geophysical methods will have been found and it will be neces- 
sary to adopt other methods to locate oil in other types of accumulations. This will 
necessitate a more detailed study of subsurface formations for correlating data and 
ana the drilling of many exploratory wells. Oil and Gas Jour. (May 21, 
193 
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flected in price) but by the necessity imposed upon each operator to 
capture his oil before it is drained by his neighbor. As a result of this 
circumstance, oil fields tend to be drilled rapidly and without due re- 
gard to the requirements of approved engineering practice and the 
needs of the market. 

During the greater part of the life history of the American pe- 
troleum industry, perhaps up to as late as 1920, the rule of capture, 
with its compounding effect upon competition, was not a wholly un- 
satisfactory factor in production. It gave speed to the enterprise, sup- 
porting and sustaining the rate of expansion that the requirements of 
consumers demanded. It led to serious wastes, too, for it was antipa- 
thetical to the best engineering practice; but these wastes must be 
looked upon largely as the price paid for rapid growth, a cost that 
society was presumably willing to incur as preferable to delay. At the 
same time it was inevitable that the rule of capture would eventually 
become untenable, once the conjuncture of maturing demand and 
advancing technology was capable of creating equilibrium without the 
extraneous aid of interlease competition. At exactly that conjunctural 
point, the rule of capture became superfluous and since that time the 
economic organism has been in process of eliminating this factor from 
its mechanism. Intrenched in law and in custom, the process of its 
eradication has been slow and indirect, unperceived by most observ- 
ers. For the past 10 to 15 years there has been a gradual weakening of 
interlease competition and a progressing tendency for oil fields to be 
operated as units, or as if they were units, with inestimable gain in 
operating efficiency and great reductions in physical wastes. Consider- 
able distance is yet to be traveled, but the trend is in the right direc- 
tion and even in the brief time in question a revolution in the modus 
operandi of the producing division has taken place. 

It is generally accepted that the most efficient way to operate an 
oil field is as a unit. Not only does technology thus have free scope 
but there is admitted no uneconomic interlease competition leading 
to physical wastes. Were all fields operated as units, competition 
would be confined to cost-competition and thus would be wholly 
desirable. It is evident, further, that the rule of capture has no exist- 
ence under unit operation. The industry has made considerable head- 
way toward unitization of oil fields, but the legal handicaps have been 
severe and progress in this direction has not been capable, alone, of 
meeting the requirements of equilibrium. The supplementary ex- 
pedient has been the development of the intricate mechanism known 
under the name of proration. 

Proration may be interpreted as a means for mitigating the effects 
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of the rule of capture. It has appeared on the scene at various times 
in the past, during temporary periods of oversupply, only to dis- 
appear again when equilibrium reestablished itself. Proration, how- 
ever, only assumed the status of an institution, grounded in State 
conservation laws, when oversupply became chronic; that is, when 
equilibrium could not be regained under the free operation of the 
rule of capture. As is well known, proration, as we now know it, was 
initiated in Oklahoma in 1926 and from that beginning has expanded 
until it has now become the accepted procedure in all important pro- 
ducing areas of the country." 

Proration has developed as a compound mechanism, comprising 
two distinct but related functions—a restriction on the rule of capture 
and a production control. These two elements are inextricably bound 
up, the one with the other, and the two aspects are not always clearly 
perceived. The production-control function has probably been over- 
emphasized to the obscuration of the physical effects of proration in 
the direction of permitting oil fields to be produced slowly, under back 
pressure, so as to maintain underground equilibrium, instead of rap- 
idly under open flow with the consequent premature dissipation of 
the reservoir energy. The legal framework upon which proration rests 
involves the conservation statutes of the various oil-producing States, 
which primarily relate to the prohibition of physical waste but are 
evolving in the direction of including economic waste as well. The 
States more advanced in attention to the subject have developed 
creditable conservation laws and further progress is under way, both 
in the improvement in the basic laws in the more backward States, 
as well as in the interpretation of existing laws by the courts. 

The physical aspects of proration center around the principle of 
ratable takings, which is an approach to the concept of the ownership 
of oil in place. The procedure of ratable takings is merely that of re- 
quiring each operator of a lease within a pool to regulate his with- 
drawals according to some function of the lease—usually the aggregate 
initial production of his wells (an index of his potential capacity to 
produce); occasionally some combination of potential and acreage, 
such as the per-well average instead of the aggregate potential. The 
introduction of the acreage factor is most important, for it removes the 
incentive to drill too many wells and brings withdrawals nearer to a 
true proportion of the oil in place. Further evolution in the ratable 
takings formulas is under way. The absence of the acreage factor 


1! For a detailed account of the earlier development of proration, see L. M. Logan, 
Jr., Stabilization of the Petroleum Industry (University of Oklahoma Press, Norman, 
1930). For a discussion of the economics of proration, see J. E. Pogue, ‘Economics of 
Proration,”’ Petrol. Devel. and Tech. (Amer. Inst. Min. Met. Eng., 1932), pp. 69-76. 
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creates inequities and promotes uneconomic drilling, for it permits a 
segment of the rule of capture to operate. The State conservation 
statutes also carry the power to regulate the spacing of wells; and the 
development of fields according to planned patterns of spacing, 
adapted to the reservoir conditions, represents a marked advance 
over the practice imposed by the rule of capture, which tends to result 
in too many wells. Additional progress needs to be registered in con- 
trolled well-spacing, which not only offers economies in operation but 
also contributes to the maintenance of equilibrium between supply 
and demand. 

The economic aspect of proration has to do with the limitation of 
crude oil production to quotas established for pools and States. In 
order to regulate withdrawals from leases to a ratable basis, it is 
necessary to set up an allowable rate of output for the pool. This base 
rate must not be higher than a certain optimum, for a greater rate 
creates a disturbance of underground equilibrium manifesting itself 
in improper declines in reservoir pressure, which results in under- 
ground waste. Were all pools restricted to their optimum rates of pro- 
duction, and proper ratable takings enforced in each, then the re- 
quirements of operating efficiency would be met. The system of regu- 
lation could be terminated at this point, with no pool permitted to 
exceed its optimum rate; but, as a matter of practice, competition 
between pools would tend to break down the equilibrium and hence 
State quotas are set up to serve as a base for limiting the pool quotas 
to an aggregate that does not exceed the requirements of the market. 
In the earlier stages of proration, each State independently estab- 
lished its own State allowable, but competition between the States was 
found to result in an aggregate production for the Nation in excess of 
the requirements of the market. Hence the next step was the develop- 
ment of means for harmonizing the State quotas. This codrdination 
was first provided in 1930 as a result of reports initiated by a volun- 
teer committee on economics under the auspices of the Federal Oil- 
Conservation Board, was made mandatory under the operation of the 
Petroleum Code, and is now supplied by the United States Bureau 
of Mines in the form of recommended quotas issued each month. 
The newly formed Interstate Oil Compact offers another instrumen- 
tality for the work of codrdination, but thus far this agency has not 
progressed to the point of dealing with the economic function.” 

Since the quotas computed by the United States Bureau of Mines 


*2 The Connally Act, passed by the Congress to apply to the period February 22, 
1935, to June 16, 1937, and forbidding the movement into interstate commerce of any 
oil produced in excess of State allowables, ee? useful in checking traffic in “hot” 
oil through the activities of a Federal Tender Board 
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are merely advisory, there is at times a tendency on the part of some 
States to exceed the recommended figures. Whenever these excesses, 
however, go beyond critical limits the price structure must suffer, be- 
cause the calculations are based upon existing trade channels which 
cannot be altered rapidly except with the accompaniment of price 
changes. A proper function of price, under such circumstances, is to 
regulate the action of the States. The Bureau of Mines quotas are cal- 
culated on the basis of a balanced situation, taking into account 
proper changes in stocks of crude oil and products, and seasonal vari- 
ations in demand. This quota system, therefore, provides a mecha- 
nism for balancing supply with the consumer-demand for products, 
thus avoiding the disrupting influence of intermediate speculative or 
inflationary movements. The importance of these quotas is gradually 
becoming appreciated in the industry and they will contribute a sta- 
bilizing influence in proportion to the extent that they are accepted 
by the State commissions as evidences of demand. 

The institution of proration has thus modified the mechanism 
whereby supply and demand is equated. Formerly subject to regula- 
tion by price alone, supply is now restricted at the wellhead by prora- 
tion which therefore acts as a substitute for price at this point in the 
system. Price, however, is not thereby rendered inoperative in its 
functional capacity but is merely moved to a sidewise position, so to 
speak, where it continues to influence demand and the sequence of 
events—search, discovery, and drilling—that lies back of production 
proper. The relation of price to the various elements is illustrated in 
Figure 8. At present the operation of proration permits supply to ac- 
cumulate in potential form behind the barrier of proration, which 
tends to create a condition of strain and unbalance if the process is 
carried too far. It was primarily the rise of the so-called potential in 
the period 1929-31 that led to the collapse of the price structure in 
that period. The building up in any field of a potential in excess of that 
required to maximize the utilization of reservoir energy and to mini- 
mize costs represents a fixation of capital in nonproductive form that 
should be avoided. The next step in the development of proration 
should be the more active furtherance of means to prevent the drilling 
of unnecessary wells, such as improved formulas for ratable takings, 
controlled well spacing, and other instrumentalities for gaining the 
efficiencies possible under unit operation. Some progress in this di- 
rection has already been registered, despite formidable difficulties 
such as the rigidities of lease requirements and the subtleties of the 
issue; but the rise in capital requirements coincident with declining 
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Fic. 8.—Diagrammatic sketch of economic structure of petroleum industry under 
proration, showing effect of price upon various parts of the system. (After Pogue, 
American Institute of Mining and Metallurgical Engineers, 1936.) 


per-well allowables is gradually forcing to this problem the attention 
its importance deserves.* 
In a recent article" the writer has suggested the following approach 


13 An interesting example of the proration concept among oil-company executives is 
found in two papers delivered in May, 1936, respectively, before the midyear meeting 
of the Independent Petroleum Association of America and the Mid-Continent Section 
of the American Institute of Mining Engineers: “Some Economic Aspects of Prora- 
tion,’’ by John M. Lovejoy, president of the the Seaboard Oil Company; and “Economics 
of Oil Producing Practice,” by C. H. Lieb, president of the Carter Oil Company. Mr. 
Lovejoy recommends the development of new reserves with a minimum number of 
wells, favors wide well spacing, advocates the recognition of an acreage factor in lease 
allowables, and stresses the importance of the Bureau of Mines’ quotas. Mr. Lieb 
favors wider well spacing, unitization, and pressure maintenance as standard operating 
practices; advocates modification of the rule of capture so as to permit, “and whenever 

ssible . . . to compel,” the foregoing practices; and believes that proration should - 
Sood upon an allowable per well “coincident with a rate of withdrawal utilizing th 
reservoir energy to the greatest degree of efficiency.” 


14 Trans. Amer. Inst. Min. Met. Eng., Vol. 118 (1936). 
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to the strengthening of the proration mechanism, to enable it to lessen 
the incidence of unnecessary drilling: 

1. Furtherance by the petroleum industry of a consistent policy of 
relatively low oil prices so long as potentials are large and the dis- 
covery rate shows any tendency to exceed the production rate; so 
long, too, as a maximum demand is a desideratum in maintaining 
balance. 

2. Promotion by the petroleum industry of retarded field drilling 
through wider well spacing and unit operation. 
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Fic. 9. of drilling de in United States by years, 1897-1935, indicated 
by deepest wells completed. (Data from E. DeGolyer.) 


3. Advocacy by State regulatory bodies of formulas for lease 
allowables that will normalize, and not overstimulate, drilling. The 
acreage factor will accomplish this result. 

4. Support by State regulatory bodies of prescribed programs of 
wide well spacing. 

The improvements in production methods over the past ro to 15 
years have been scarcely less striking than the economic changes that 
have transpired in this field. Depths commercially reachable by the 
drill have been more than doubled, and a 10,000-foot hole is no longer 
a novelty (Fig. 9). The proportion of oil recovered from the sand has 
sharply increased and the knowledge and utilization of reservoir pres- 
sures have been greatly augmented. Ingenious methods have been 
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developed for going back and reworking depleted fields; in the old 
Bradford field of Pennsylvania, for example, pressure flooding has 
commercially developed a larger reserve of oil than was extracted 
during the past 60 years by conventional flowing and pumping. The 
achievements in the field of production engineering, indeed, have been 
almost as notable as those in the art of exploration. The two com- 
bined represent a factor that has contributed signally to the reduction 
of costs and the enlargement of the available supply, and has gone far 
toward offsetting the physical losses involved as a result of interlease 
competition under the rule of capture. 

According to the Petroleum Administrative Board" of the United 
States Department of the Interior, which has made an exhaustive 
accounting study of the cost of producing crude oil in the United 
States, the average production cost was 86 cents per barrel in 1931, 
81 cents per barrel in 1932, 71 cents per barrel in 1933, 80 cents per 
barrel in 1934, and 80 cents per barrel as the average for 1931 to 1934. 
A previous investigation by the United States Tariff Commission on 
an approximately comparative basis for the period 1927 to 1930, 
showed a weighted average cost of $1.07. Thus a reduction of 25 per 
cent in average production cost is indicated. The first-named study 
was based upon questionnaires sent producers, but returns were com- 
piled for companies representing for the entire period 73 per cent of 
the national production and 50 per cent of the average number of 
wells under operation. It is apparent, therefore, that the production 
omitted from the study was for the most part from small, high-cost 
wells; and therefore the results are not representative of the entire 
industry. For the entire period, and covering the production reported, 
it was found that ro per cent of the oil had a production cost of under 
40 cents per barrel; 50 per cent of the oil, from 40 cents to 79 cents 
per barrel; 25 per cent of the oil, from 80 cents to $1.19 per barrel; and 
15 per cent of the oil, from $1.20 to $4.40 per barrel and above. These 
figures reveal a wide amplitude in production costs, which is caused 
primarily by the greatly varying size of wells. This cost range, of 
course, constitutes a difficult problem in utilizing price alone as a 
regulator of production. Prices disastrous to stripper wells are re- 
quired to render the flow of large wells uneconomic. An unsolved 
problem in the theory of crude oil costing is the cost of replacing the 
produced oil by means of new discoveries. Accounting systems in 
vogue do not resolve this question. In the long run, replacement cost 
must be the deciding factor in the price of crude oil. 

Figure 10 shows from the inception of the industry to the present 

15 Report on the Cost of Producing Crude Petroleum (Washington, 1935). 
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time, the weighted average price of crude oil by years compared with 
an index of 30 basic commodities, both series having a common base 
of 100 for the 5 pre-war years, 1910-14. This record indicates a gen- 
eral tendency for the price of crude oil to conform to the course of 
other basic commodities, the departures therefrom being temporary. 
There is a tendency for demand to be the controlling factor in the 
broader price movements, while supply dominates for the short term. 
A glance at Figure 10 reveals the character of the price response to the 
inflation periods of the Civil War and the World War; also the rela- 
tively high prices prevailing during the twenties. During the period 
of proration, 1927-35, the price of crude oil averaged $1.01 per barrel, 
with a range in annual averages of 65 cents to $1.30. There is a pre- 
disposition in many quarters to judge the success or failure of prora- 
tion by the price resultant. This view overlooks the functional nature 
of prices. Even with proration affecting supply, price fluctuations 
should play an important role in maintaining equilibrium. It would 
be a mistake to expect proration to create a stable price under all 
circumstances; on the contrary, a flexible price should be invoked to 
maintain the effectiveness of proration. 


TRANSPORTATION 


Crude oil is transported by means of special facilities created by 
the industry. The two principal types of conveyances used are the 
pipe line and the oil tanker. Only a fraction of the crude oil produced 
is carried by the railroads because pipe lines and tankers offer superior 
efficiency and lower costs. 

For liquids available in sufficient volume, the pipe line affords the 
most efficient form of overland transportation. The capital costs are 
relatively low; rights-of-way are not expensive; the operation of the 
system is automatic to a high degree; movement is continuous; and 
there is no problem of two-way traffic or return movement of empty 
facilities. Because of these advantages and the technical proficiency 
of modern pumping systems, the average cost of pipe-line transporta- 
tion probably does not exceed 4 mills per ton-mile, which contrasts 
with an average cost of moving railroad freight approximately 1 cent 
per ton-mile. Thus no natural competition can persist between oil 
pipe lines and the railroads. 

The oil pipe lines of the United States constitute a far-flung system 
connecting the oil fields with the principal consuming centers and 
water terminals. The aggregate length of lines is in excess of 112,000 
miles—over a third of the combined length of all important railroads. 
Oil pipe lines penetrate or traverse 24 States, but as the system is 


4 
— 
| 
' 
eae 
| 
’ 


THE AMERICAN PETROLEUM INDUSTRY 173 


below ground and only marked by an occasional pumping station, its 
magnitude and importance is not commonly realized. The system 
consists of trunk lines and what are known as gathering lines which 
connect with the flow tanks of individual oil wells. The pipe line, 
therefore, forms a link between the oil fields and refineries and the 
flow of oil is practically continuous from lease to plant. 

Pipe lines are by nature large-scale enterprises. The Interstate 
Commerce Commission in its most recent report on interstate pipe- 
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Fic. 10.—Weighted average price of crude oil in the United States compared 
with price of 30 basic commodities by years, 1865-1935, expressed in index numbers 
with a base of 100 for the period, r910-14. (After Pogue, American Association of 
Petroleum Geologists, 1936.) 
(A) Price of 30 basic commodities. 
(B) Price of crude oil. 


line operations lists only 53 companies, which represent about 81 
per cent of the pipe-line mileage of the country, the remainder being 
intrastate systems not subject to regulation by the Commission. The 
53 companies in 1934 represented a total investment of 815 million 
dollars (with accrued depreciation of 377 million dollars) ; transported 
593 million barrels of oil originating on the lines, or 1,214 million 
barrels including duplications; and employed 20,853 men with an 
annual pay roll of 32 million dollars. The interstate systems, as well 
as the lines operating within a single State, are for the most part sub- 
sidiaries of integrated oil companies. Of the 53 units listed in the 
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Commission’s 1934 report, only 9 are not affiliated with refining com- 
panies, and these independent lines are, with 4 exceptions, very short 
systems and represent only ro per cent of the total trunk-line mileage 
of all interstate lines. Pipe lines have almost invariably been con- 
structed by refining interests, who looked upon them as an adjunct 
to the manufacturing enterprise necessary to insure a continuity of 
raw material, a partial offset to the variable and shifting nature of 
crude oil production; they have rarely been built by producing in- 
terests or by promotors not already engaged in the oil business. 

The first oil pipe line was constructed in Pennsylvania about 60 
years ago. As the industry developed in the Appalachian area, pipe 
lines were extended to connect the oil fields of that region with re- 
fineries established in a number of large cities in Ohio and Pennsyl- 
vania. In 1878, a trunk line was completed to the Atlantic Coast. 
With the westward migration of the industry into the Middle West 
and then into the Mid-Continent, pipe-line construction followed oil 
discoveries and by 1913 the system, as we know it today, was out- 
lined, permitting the shipment of oil from the western fields to the 
great refining centers of the Eastern Seaboard, the Gulf Coast, and 
the North Central States. 

The development of the oil pipe line played an important role in 
determining the geographic pattern assumed by the refining division 
of the industry. The manufacturing plants were enabled to locate 
in populous centers, distant from the sources of the raw material; 
and new discoveries were quickly rendered available to them by new 
line construction, thus supporting the rapid expansion requisite to the 
growth of automotive transportation. Though now practically a 
country-wide system of specialized transport, the pipe line originated 
as a plant facility, and few refining establishments have been con- - 
structed outside of the oil fields or away from deep water without 
their own pipe-line connections. The economic union of the pipe line 
and the refinery is one of the oldest and most persistent attributes of 
the industry. 

In its continuous pursuit of new sources of supply, the pipe line 
brings the market for crude oil to the oil fields. The pipe-line com- 
panies as such do not buy oil, but they serve as transportation agen- 
cies for purchasing companies acting on behalf of affiliated refineries. 
It is the integrated nature of the typical pipe line, therefore, that is 
responsible for the field location of the market. In this respect, crude 
petroleum differs from most other commodities which must seek their 
exchange in central markets. Crude oil does not come to market; 
the market goes to the crude oil. Perhaps this is the fundamental 
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reason why there has never developed a successful central exchange 
for thiscommodity. 

With the evolution of proration, the presence of integrated pipe 
lines and a posted market at the well greatly facilitated the practical 
operation of the mechanism of control. Experience has shown that 
in areas resistant to the effective administration of proration, circum- 
vention of the allowables has usually been brought about by the de- 
velopment of new channels of movement via rail or through non- 
integrated pipe lines established for opportunistic purposes. There 
can be little question but that the integrated nature of the industry 
has contributed to the progress in scheduled production that has been 
brought about. A divorcement of pipe-line ownership from the oil 
industry proper would tend to impair the machinery of oil-field regu- 
lation and to act as a destabilizing influence upon the price structure. 

Pipe lines function as common carriers in cases where demand for 
this service exists, although the bulk of the oil is still moved for the 
account of affiliated refineries. In recent years, there has been a tend- 
ency for two or more companies to unite in the construction of joint 
facilities. Pipe lines charge specified rates for the movement of oil, 
which are usually less than half the railroad freight rates, and these 
tariffs for interstate movements are under the supervision of the 
Interstate Commerce Commission. Pipe-line rates do not carry the 
economic significance usually ascribed to them, for they are merely 
bookkeeping concepts for integrated companies; but the general 
downward tendency in rates in evidence in recent years has exerted 
some influence through nonintegrated channels in the direction of 
furthering overproduction. 

In recent years the technique of pipe-line haulage has been suc- 
cessfully applied to the volatile product, gasoline, but the volume 
moved through pipe lines is only about 9 per cent of the quantity of 
crude oil transported in this way, and around 11 per cent of the total 
gasoline produced. The aggregate length of the gasoline pipe lines of 
the country is only around 4,000 miles. While this system has not 
attained its full development, the gasoline pipe line is economically 
applicable to special situations only. The pipe-line movement of gaso- 
line is practicable only where there is a supply of gasoline in excess 
of near-by requirements and concentrated markets into which this 
supply can be moved. The longest lines developed in the Central 
States as a relief to the excessive refinery capacity in the Mid-Conti- 
nent area. A declining price level and a rigid system of railroad charges 
supplied the impetus. 

Similarly, the oil industry has provided its own facilities for the 
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movement of oil by water. The industry maintains a fleet of 750 tank 
ships for use on the ocean, the Great Lakes, the Mississippi River, 
and on canals and other waterways, representing an investment of 
530 million dollars.’* At the present time, over half of the traffic in 
refined products and nearly one-third of the crude-oil traffic moves in 
water carriers on coastwise, intercoastal, and inland waterways. In 
1934, water carriers originated 803 million barrels of petroleum and 
its products for domestic consumption, compared with 593 million 
barrels originated by pipe lines, and 379 million barrels originated by 
rail. The first oil-carrying ship was ina sailing vessel with capacity of 
7,000 barrels of crude in casks. Steel ships, carrying large tanks for the 
oil, were the next development and they were driven by steam. Then 
came the modern steel tanker, subdivided into compartments, and 
driven by the Diesel engine. Tankers now range in carrying capacity 
up to 165,000 barrels; and can dock, unload, and start on a return 
voyage in 24 hours. Because of automatic loading and bulk, the oil 
tanker represents the ultimate in transportation efficiency, exceeding 
that of the pipe line. In consequence the tanker draws upon the pipe 
line and diverts as much traffic as the geographic pattern permits. 
The high concentration of refining capacity in the Gulf and Atlantic 
coastal regions has been stimulated by the availability and cheapness 
of water transportation. 

From the viewpoint of industrial equilibrium, the function of 
transportation in the petroleum industry plays a secondary role. As 
a service element, it does not create supply, but merely transmits it; 
yet it provides the means for holding the movement in some degree 
within established trade channels. In its integrated aspects, it helps 
administer the application of ratable takings in the oil fields, but its 
conductivity is high in respect to transferring the pressure of crude’ 
oil potentials to the markets for products. 


REFINING 


The refining of crude petroleum utilizes the application of heat 
and pressure for the separation of the raw material into its component 
parts and for the breakdown and recombination of the molecular 
structures of the derivatives. The procedure therefore involves a com- 
bination of physics, mechanics, and chemistry, and the advances in 
the art during the past 20 years have been radical. From an economic 
viewpoint, refining engages the principles of mechanization, by-prod- 
uct utilization, and multiple production. 

The size of the refining division of the petroleum industry is de- 

6 Nat. Petrol. News (February 5, 1936), p. 387. 
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termined by the demand for its principal products and the technology 
available for meeting this demand. On May 23, 1936, the rated 
refinery capacity of the United States was 3,869,000 barrels per day, 
through which 2,975,000 barrels per day were being run. These figures 
suggest an unused capacity of 894,000 barrels per day, or 23 per cent; 
but the “idle” capacity is largely composed of inefficient, high-cost, 
obsolete units, little of which could be economically utilized to pro- 
duce products of the quality in demand. Also the rated capacity of 
many plants tends to be larger than the over-all, working capacity. 
Effective refining facilities, therefore, are not now substantially in 
excess of requirements in terms of current and prospective demands. 
In fact an extensive program of refinery installations, largely of a 
replacement character, is under way, without which there would prob- 
ably be a shortage of efficient capacity by 1937. 

On January 1, 1935, there were 638 refining establishments in the 
United States, of which 435, representing 89 per cent of the total 
capacity, were operating; 196 were idle; and 7 were under construc- 
tion. Of the operating plants, 15.5 per cent of their total capacity was 
represented by units with capacity of 100,000 barrels per day or over; 
18.6 per cent, by units with capacity of 50,000 to 99,000 barrels daily; 
18.5 per cent, by units of 25,000 to 49,000 barrels daily; 25.2 per cent, 
by units of 10,000 to 24,000 barrels daily; and 22.2 per cent, by units 
below 10,000 barrels daily capacity. Thus, 98 plants represented 77.7 
per cent of the operating capacity of the country, while 337 plants 
accounted for 22.3 per cent of the capacity. It is therefore seen that 
the refining division of the business characteristically runs to mass 
production. The operating advantage of sizeable units is not caused 
by inherent superiorities of physical size—small refineries can be con- 
structed with the same physical efficiency as large ones—but is a 
derivative of the integrative pattern that the industrial development 
has followed. The raw material is drawn from thousands of producing 
units, processed in a few hundred plants, and then distributed in the 
form of products through tens of thousands of outlets. The bottle- 
neck aspect of the manufacturing function has given rise on occasion 
to the suggestion that the refinery is a better place for a production 
control than the well head where proration localizes the check on 
supply. During the operation of the Petroleum Code, a regulation of 
refinery intake was attempted as a supplementary control; but it 
should be observed that if proration succeeds in balancing crude oil 
production with the consumer demand for products, there can be no 
occasion for an additional barrier except for price-fixing objectives; 
and, moreover, the regulation of refinery throughput cannot cure the 
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uneconomic practices of open flow and offset drilling that are a prod- 
uct of the untrammelled operation of the rule of capture. 

The process of refining is relatively a capital enterprise, automatic 
to a high degree. In 1934, for each employee engaged in this division 
8,721 barrels of crude oil were processed and around $33,000 of capital 
were engaged. The investment in the refining division, including in- 
ventories, has been estimated at 3.4 billion dollars.!” 

Petroleum refineries are located in 33 States, but 82.9 per cent of 
the total operating capacity is concentrated in 8 States: Texas (25.1 
per cent), California (21.0 per cent), Pennsylvania (8.2 per cent), 
New Jersey (7.2 per cent), Oklahoma (6.8 per cent), Indiana (5.3 
per cent), Louisiana (4.8 per cent), and Kansas (4.5 per cent). In 
March, 1936, 38.8 per cent of the gasoline output was produced in the 
Atlantic and Gulf coastal region; 16.7 per cent in California; and 44.5 
per cent in the interior of the country. Thus over half of our gasoline 
supply is manufactured in plants on deep water, reflecting the impor- 
tance of tanker transportation in determining the geographic location 
of the industry. 

The technical changes that have taken place in refining are numer- 
ous and complicated. Lack of space prevents analysis of all but three 
developments that have either exerted a deep impression upon the 
art or promise to do so as time goes on. The first of these, cracking, 
has revolutionized the quantity and quality of the recovery of gaso- 
line from a barrel of crude; the second, polymerization, just getting 
under way, brings into view as prospective motor fuel a range of 
gaseous hydrocarbons now utilized for inferior purposes; the third, 
hydrogenation, which still awaits the proper economic setting, per- 
mits an interchangeability and flexibility in manufacturing and ren- 
ders available a range of raw material extending beyond the field of- 
petroleum. 

As its name implies, cracking breaks down the heavier molecules 
of fuel oil and distillates into gasolines of high antiknock qualities. 
In 1920 the output of cracked gasoline was only 15 million barrels 
as compared with ror million barrels of gasoline derived from crude 
oil by ordinary processes of distillation. In 1935, the production of 
cracked gasoline had arisen to 208 million barrels, or nearly equal 
in volume to the 220 million barrels of the straight-run product. 
Expressed in another way, cracking has enabled the recovery of 
gasoline from crude oil to increase from 26 per cent in 1920 to 44 
per cent in 1935, and the trend of increased recovery is still upward 
(Fig. 11). From an economic standpoint, cracking converts a product 


17 Nat. Petrol. News (February 5, 1936), p. 41. 
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of inferior value into one of higher worth, and progress in its applica- 
tion has been determined by the course of price margins and develop- 
ments in the technique. 

Polymerization is a much newer process in its commercial applica- 
tion and has yet to make its impression upon the industry. Technically 
it is the complete reverse of cracking; it utilizes as its raw material 
the hydrocarbons lighter than gasoline and combines these into larger 
molecules of the gasoline family, in so doing also creating high anti- 
knock quality. The raw materials now suitable for this process are 
waste refinery products and some of the components of natural gas, 
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Fic. 11.—Trend of the percentage recovery of gasoline from 
crude oil in the United States by years, 1920-35. 


such as butane and propane. Eventually the art may be expected to 
evolve to the point of utilizing the vastly more abundant but still 
lighter components of natural gas, at which time a further source of 
raw material will be available for the manufacture of motor fuel. 
For many years the natural gasoline occluded in oil-field gas has been 
extracted in growing degree from this material, adding materially to 
the output of motor fuel. For example, natural-gasoline production 
has increased from g million barrels in 1920 to 39 million barrels in 
1935. With some installations already made, polymerization will con- 
tribute a small volume of gasoline in 1936 to the annual total. It has 
been estimated'® that the ultimate potentialities of the process operat- 
ing on both refinery and natural gases are 110 million barrels and 78 
million barrels, respectively, or a total of 188 million barrels. This 
volume is 40 per cent of the output of motor fuel in 1935. 


18 Cook, Swanson, and Wagner, ‘The Thermal Process for Polymerizing Olefin- 
Bearing Gases,” Proc., Sixteenth Ann. Meet., Amer. Petrol. Inst., sec. 3, Refining (1935), 
p. 122. 
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While cracking has long enjoyed important commercial applica- 
tion and polymerization is undergoing initiation, hydrogenation, de- 
veloped in Europe, is awaiting the stimulus of higher prices for inten- 
sive development. The process permits great flexibility in the conver- 
sion of crude oil into the products most in demand and also enables 
carbon compounds (coal) to be changed into hydrocarbons (oil). 
Costs are still too high for general application, but a moderate lift 
in prices, together with improvements now under way along the lines 
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Fic, 12.—Percentage yield of principal products from crude oil by periods, 
1904-34. (After National Petroleum News, 1936.) 


of lowered costs, will create margins that will stimulate its introduc- 
tion. Hydrogenation, therefore, may be regarded as a process in the 
offing, awaiting the arrival of economic conditions suitable to its in- 
sive development. In conjunction with cracking and polymerization, 
hydrogenation will ultimately be capable commercially, as it now is 
technically, to convert crude oil completely into motor fuel.'® The 
three processes outlined promise an ample supply of motor fuel for 
an indefinite period. 

The outstanding economic problem faced by a productive activity 
is the maintenance of equilibrium between supply and demand. This 


1 E. Ospina-Racines, “Economic and Technical Aspects of Polymerization,” 
World Petroleum (October, 1935), p. 620. 
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problem presents specialized features in the case of an activity involv- 
ing multiple production and a range of by-products (Fig. 12). Not 
only must the main product be kept in balance but sufficient flexibility 
must be developed so that the by-products will be carried off in trade 
in the proportions in which they must be manufactured. In the case 
of petroleum, gasoline is the main product and the other constituents 
are the by-products. Primary balance must be attained in respect to 
gasoline, but shortages or overages of other products, such as fuel 
oil, develop at times and create disequilibria. The mechanism by 
which these distortions are corrected is price, which operates to regu- 
late demand and, through technical adaptations, to influence supply. 
The need of flexible prices in a by-product industry is imperative. A 
balance between supply and demand in respect to the main product, 
gasoline, is effectuated by price under freely competitive conditions, 
but with the operation of proration and a crude-oil quota system, this 
balance can be attained automatically, provided the freedom of gaso- 
line prices is not interfered with and crude-oil quotas are based upon 
estimates of the consumer demand for gasoline. The crude-oil quotas 
suggested to the industry by the United States Bureau of Mines are 
computed on this principle and are far superior in workability to 
quotas based upon nominations of refiners, which the States used to 
accept as evidences of market demand. On a favorable price level, 
overproduction of gasoline cannot be prevented from developing, 
under proration, unless crude-oil supply is regulated on the basis of 
the consumer demand for gasoline. The refiner’s demand for crude is 
a false criterion. 

Another problem facing the refining division, with proration op- 
erating, is the resultant of a differential rigidity as between crude-oil 
prices and products’ prices. Proration tends to result in greater sta- 
bility in crude-oil prices than in products’ prices, for the reason that 
the supply of crude oil is not always held within adequate balance 
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with the estimates of consumer demand for products. In consequence, 
price disparities tend to develop. For example, the refiners’ margin, 
calculated on the basis of the wholesale values of the products derived 
from a typical barrel of Mid-Continent crude oil, has displayed the 
trend shown in the preceding table. 

In 1930, 1932, and 1934, the refiner’s margin was below his costs, 
despite crude-oil price levels about producing costs. The relationship, 
however, assumed more normal proportions in 1935. Disparities can 
be avoided by employing a sound quota system, such as that of the 
United States Bureau of Mines, and by the development of a crude-oil 
price structure more sensitive than it now is to changes in refining 
values. It is desirable, however, for disparities to develop if they are 
needed for a functional purpose, such as the expulsion of surplus capi- 
tal from overexpanded situations or the prevention of overdevelop- 
ment. 

DISTRIBUTION” 


The marketing system of the petroleum industry is the product 
of economic forces operating in an environment of severe competition 
during a period of rapid expansion. Its development was influenced 
not only by the urge of a mounting supply to find the points of con- 
tact with a rising demand, but also by the desires of a widening circle 
of individuals to avail themselves of a new means of livelihood. The 
resultant is a physically efficient, highly convenient, but overdevel- 
oped and hence high-cost mechanism. The form that the system has 
assumed is well adapted to its function, but its proliferation has gone 
to an extreme and uneconomic degree. Yet to correct this defect and 
rationalize the extent of the facilities would create a social problem 
that should be held in mind in all considerations of this subject. With- 
out doubt gasoline could be adequately distributed without calling 
for the services of all the individuals now engaged in this service. But 
this is true of distribution in general and is not peculiar to the oil 
business. Hence it is perhaps not proper, without qualification, to 
apply purely economic criteria to a field that, in fact, not only renders 
a service to the consumer but contributes to the support of a vast 
number of individuals untrained for other pursuits. 

The physical plant engaged in the distribution of gasoline is spread 
over the entire country and consists of specialized transportation 
facilities, intermediate warehouses, and retail establishments. The 
last named are either service stations, devoted to the sale of this 
commodity and related accessories, or establishments of various sorts 


20 For purposes of brevity and simplification, the discussion under this section will 
be limited to the distribution of gasoline. 
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that handle gasoline as a side line. The technical aspects of the plant 
in its entirety are highly proficient; the evolution in the form of 
equipment has been progressive, as witness the modern tank truck 
and electrically driven, automatic-measuring, dispensing pump; but 
the visual or architectural characteristics of most retailing units re- 
flect immaturity and leave great room for improvement. 

Originating at the refinery, gasoline first moves by tanker, barge, 
pipe line, or railroad tank car to terminals or bulk stations. The 
gasoline pipe line is a fairly recent adaptation of the facility long in 
use for moving crude oil. The oil tanker may be used interchange- 
ably for either crude oil, gasoline, fuel oil, or even kerosene. The rail- 
road tank car is a specialized form of freight car; barges are employed 
on rivers and canals. The terminal is a large depot, usually at sea- 
board, for receiving the product unloaded from tankers. Other termi- 
nals, seldom as large as those along the coast, are located at inland 
points; and these are usually serviced by pipe lines. The bulk plants 
are small, wayside storage stations, comprising a few tanks, a loading 
rack, and often a warehouse building, which are located at innumera- 
ble points within trucking distance of the retail outlets. The number 
of terminals and bulk plants in the country is about 20,000, having a 
value of $348,000,000, or $17,500 on the average.” From the bulk 
plant, gasoline is transported by tank trucks to service stations, other 
retail outlets, and large commercial consumers. 

In 1933, the United States Bureau of the Census reported 170,404 
service stations in the country. The Petroleum Administrative 
Board,” as of July 1, 1934, reported 219,382 service stations, which 
probably included some garages and accessory stores. It has also been 
estimated that there are in addition some 200,000 business places 
that carry gasoline and oil as a side line.** Of the 219,382 service sta- 
tions reported, 84 per cent were non-company owned. The net book 
value of the company-owned service stations is given at 378 million 
dollars, or an average of $15,448 per station. 

A simplified economic flow sheet of gasoline from refining to con- 
sumer shows four channels of distribution: the company-owned 
service station, the dealer who operates his own service station or 
retail outlet, the large consumer (such as trucking or bus companies), 
and the jobber. Of the total domestic consumption of gasoline, the 
distribution in 1935 took place approximately as follows: 


21 Petroleum Administrative Board, Report to the Subcommittee of the Committee on 
Interstate and Foreign Commerce (Washington, March 20, 1935), 31 pp. 

22 Thid., p. 9. 

23 E. B. Reeser, “Oil Marketing a Typically American Enterprise,” Nat. Petrol. 
News (February 5, 1936), p. 238. 
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Per Cent 


It is thus seen that the dealer, who is in the nature of a commis- 
sion agent selling the branded product of the supplying company, 
is a more important element in the retail business than the com- 
pany-owned chains. And the trend is also toward an increasing share 
of the business for the dealer and a decreasing proportion for the 
company-owned station. The jobber is a middleman, buying the prod- 
uct directly from the refiner and then distributing it through his 
own bulk stations to chains of service stations, dealers, or large con- 
sumers, thus more or less duplicating the channels employed by the 
refiner in his own distribution. Practically all refining companies sell 
to jobbers their surplus over that flowing through the channels of 
their own service stations, dealers, and large-consumer outlets. Under 
the classification of jobbers may also be included (a) the so-called 
trackage stations, which are usually cut-price stations located at the 
juncture of a convenient street and a railroad siding and equipped 
with bulk storage for receiving tank-car deliveries; and (b) the oil 
coéperatives which buy in bulk and resell through their own retail 
outlets to members, who receive, in effect, a discount below the pre- 
vailing retail market, usually in the form of a “dividend.” 

To understand the development of this system it should be borne 
in mind that it is not the retail price levels, but the price differentials, 
or margins that have been the controlling influences. We have, there- 
fore, to deal with four primary elements in the price structure: the 
wholesale price of gasoline, its retail price, the differential between the 
two, and the “margins” or discounts granted dealers, jobbers, and 
large consumers by the supply companies. The wholesale price of 
gasoline at the refinery is the resultant of the interaction between 
supply and demand in respect to the overflow above the capacity of 
the refining industry’s own distributing system; it is therefore a sensi- 
tive, barometric price, tending to be flexible. The retail price is the 
price to the consumer initiated usually at the company-owned service 
station, and determined, on the one hand, by a differential designed 
to cover the company’s distributing costs plus some profit, and, on 
the other, by the competition created by the larger volume of gasoline 
going through the hands of dealers and jobbers. The jobber buys at 
a price bearing some relationship to the spread between wholesale 
and retail prices; the jobber’s margin at present is in the neighborhood 
of 5} to 6} cents per gallon, which must cover his costs and profit. 


iff 
a 
— 
al 
| 
| 
4 
: | 
4 


THE AMERICAN PETROLEUM INDUSTRY 185 


The dealer is automatically supplied gasoline on the basis of a margin 
below the retail price, now about 33 to 4 cents per gallon, which is 
usually fixed for a period and guaranteed by the supplier. The princi- 
pal limiting factors in the width of this margin are the amount that 
exceeds the operating costs of company-owned service stations and 
what the dealer will keep rather than give away to his customers in 
an effort to increase his sales. The concessions granted large consumers 
by suppliers, ranging from 1 to 4 cents per gallon, are true quantity 
discounts, reflecting lowered costs of distribution for large deliveries 
and competition amongst the suppliers for this business. The retail 
price structure is thus ideal for the transmission of competitive forces 
into a low price-level, admitting little, if any, profit into the oil com- 
pany distributing systems, though giving a living to a large number 
of individual proprietors. 

The gasoline distributing system had its main development during 
a period of vigorous expansion in the petroleum industry and under 
the influence of an exceptional price era marked by credit inflation. 
It is important to note that from 1915 to 1930, the domestic consump- 
tion of gasoline increased from 40 million barrels to 400 million barrels, 
or 10-fold; and the number of motor vehicles registered, from 2.3 
million to 23.1 million, likewise 10 times. Prior to the rise of automo- 
tive transportation, the oil industry was primarily a kerosene industry 
and it produced a system of tank-wagon delivery for this commodity. 
This method of distribution was ready at hand when gasoline came 
upon the scene. So long as the volume of gasoline was small, its sale 
was conducted through the same channels as kerosene. Garages, how- 
ever, were soon established and provided new outlets for gasoline; 
the garage was the first type of dealer. As the use of the automobile 
expanded the oil companies seized the opportunity to set up retail 
establishments in.the form of service stations, but at the same time 
continued through tank-wagon delivery to serve the garages and other 
types of dealers who were taking on gasoline distribution as adjuncts 
to their business. Later still, as the industry grew and integration pro- 
ceeded, the supply of crude oil began to build up economic pressure 
which came more and more to seek relief in retail outlets. The oil 
companies did not command sufficient capital to build service stations 
rapidly enough; so they vied with one another to gain more and more 
new dealers. The dealer soon became a prize to be eagerly sought; the 
competition between oil companies for the dealer became increasingly 
severe and soon the companies were offering inducements in the form 
of free equipment and granting margins of increasing spread under 
the retail price. In this manner a vast array of dealer outlets was 
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established in competition with the companies’ own stations. But 
even so the refining companies failed to expand their service station 
and dealer outlets fast enough to carry off the mounting supply, so 
the surplus was thrown on the wholesale market in tank-car lots. An 
opportunity was thus created for the entrance of the jobber, who pur- 
chased the marginal surplus and disposed of it in direct competition 
with the dealer and the company-owned service station. The mainte- 
nance of wide margins during this period of expansion, a necessity in 
some degree to insure the growth but nevertheless carried too far, in 
effect subsidized both the dealers and the jobbers and facilitated the 
over-development of the marketing structure with its three-way 
channels of distribution.™ 

Thus the overexpansion of retail outlets was the resultant of the 
rapid growth of a new industry during a period of credit inflation. 
The primary causes lying back of this development were the mount- 
ing pressure of the crude oil supply, under the impetus of the rule of 
capture, and the geographic expansion of market demand to all parts 
of the country giving opportunity to individuals to set up as pro- 
prietors of a new and expanding business. The growing integration 


. in the oil business and the nature of the retail price structure facili- 


tated the developments that took place. Thus the number of outlets 
grew more rapidly than the volume of business, with the result that 
the gallonage per unit declined, thereby raising costs, at the same 
time that the increasing competition brought about lowered selling 
prices. Rising costs and declining prices created the so-called market- 
ing problem, which the Petroleum Code sought in vain to solve by 
intensifying one of the causes in seeking to bring about wider margins 
in order to reestablish a profit in this division of the business and thus 
prevent a contraction in the number of outlets and facilitate improved 
working conditions. 

Viewing the dynamics of the marketing trend, there is consider- 


24 “The marketing leaders of the oil industry might possibly be criticized for their 
apparent short-sightedness in postponing the decline in their retail prices, thus foster- 
ing the development of a vast array of competitive marketing organizations attracted 
merely by the wide margins between wholesale and retail prices. Such a criticism 
as to the past undoubtedly is warranted; it may even be made of present conditions in 
several sections of the country where the economic soundness of the wide margins in 
effect seems questionable. In the main, however, we probably must regard the situa- 
tion as the working out of economic forces in a new industry, hampered slightly 
perhaps by the human inability to perceive the directions and effect of those forces in 
the eagerness for immediate profits. It seems to be one of the ironies of most new 
businesses having a rapidly increasing demand, that the high rate of profit in the early 
stages attracts into them a rush of capital that does not cease until long after the 
reasonable needs of new capital, on which a fair return can be earned, have been met.” 
Sidney Swensrud, ‘Distribution Problems of the Oil Industry,” Harvard Business 
Review (1931), Pp. 399. 
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able evidence to suggest that the forces making for continued over- 
expansion in the marketing system reached a climax during the 
depression and are beginning to operate in a reversed direction. The 
change is slow and complex, but unless the situation is frozen by arti- 
ficial action, a gradual movement in the direction of improved equilib- 
rium seems probable. The reign of the rule of capture in oil production 
is being weakened, the trend of demand is again upward, and narrow- 
ing margins seem in the making. Contraction of margins will be 
facilitated by the tendency of large oil companies, under the handicap 
of high costs imposed by chain store taxes and other conditions, to 
convert their service stations into dealer outlets by leasing their facili- 
ties to individual proprietors. As this process goes further there will 
be less incentive to maintain margins sufficient to cover the costs of 
chain operators, and the highest-cost dealers will find the business 
less attractive. By the same token jobber margins will narrow and 
perhaps the role of the jobber will become less important in reflection 
of the opportunistic nature of his business. The process should be 
gradual and with sufficient growth in demand may be largely negative 
in its incidence—an inhibition of new expansion rather than a rapid 
contraction of existing facilities. 

There is too much disposition to view the marketing “‘problem” 
as an isolated phenomenon. It does not rise to the dignity of a serious 
industrial issue except from the profit angle; it only becomes a social 
problem if changes become too drastic and condensed into too short 
a period of time. As a practical matter, a balance between crude-oil 
supply and consumer demand for gasoline, for the attainment of 
which a mechanism already exists, coupled with prices responsive to 
competition, is all that is needed to maintain the standards of service 
and to lower, but not too rapidly, the costs of distribution, with mini- 
mum disturbance to all interests concerned. 


ASPECTS AS A WHOLE 


We have thus far dealt with the American petroleum industry as 
a functioning unit in the general economy. In order to round out the 
treatment, it is now necessary to touch on the economic frontiers of 
the industry, where its operations come into contact with other inter- 
ests: Foreign countries, the consumer, the State, the worker, and the 
investor. 

The American petroleum industry has a mutuality of interest with 
foreign countries in two particulars: it has supplied considerable capi- 
tal for the development of the oil business abroad; and it imports 
and exports crude oil and products in substantial volume. In its 
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foreign trade in oil, the United States has long had a favorable balance 
of trade on a dollar basis. In 1925, the net exports (exports minus 
imports) amounted to 365 million dollars; in 1935, to 196 million. 
Imports are now confined virtually to crude oil and fuel oil, while 
exports include also gasoline, kerosene, lubricating oils, and other 
products. The trend of the volume of imports and exports for recent 
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Fic. 13.—Relation of eee and exports, crude oil and its ew in 1935. 
(Data from U. S. Bureau of Mines.) In millions of barrels 


years is shown in Table I. In 1935 the United States imported 52.7 
million barrels of crude oil and products, and exported 128.2 million 
barrels (Fig. 13). 

Two interesting changes have taken place in the composition of 
our foreign trade. In the first place, imports of crude oil have declined 
coincidentally with an increase in the exports of crude oil. For ex- 
ample, in 1929 we imported 78.9 million barrels of crude oil and 
exported 26.4 million barrels; in 1935, the imports had dropped to 
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32.2 million barrels, while the exports had risen to 51.4 million. This 
reversal in movement has been brought about by a tariff on crude oil 
of 21 cents per barrel and by restrictions (under the Petroleum Code) 
on the volume admitted. In the second place, our imports of gasoline 
have declined from 8.8 million barrels in 1929 to nothing, under the 
imposition of a duty of 2} cents per gallon, but exports of gasoline 
have likewise fallen from 62.1 million barrels in 1929 to 30.4 million 
barrels in 1935. In short, the imposition of trade barriers in the form 
of import duties has resulted in the stimulation of refining operations 
abroad, a loss of export business in refined products, and a reversal 
of our position in respect to crude oil from a net importer to a net 
exporter. Crude oil can be produced in Venezuela, the'largest source 
of our imports, more cheaply than in the United States because of 
unit operation, hence a protective tariff tends to subsidize the less 
economic practices still prevalent in the oil fields of the United States. 
On the other hand, equity requires that if the American industry 
operates under a system of proration, the volume of imports shall 
likewise be restricted to a fair ratio to domestic production. Under the 
Petroleum Code, imports of oil were limited to the average rate ob- 
taining for the second half of 1932, or 98,000 barrels daily. Imports 
for domestic consumption are still running at about this rate,” pre- 
sumably as a result of a voluntary policy on the part of the importing 
companies, but there has developed a moderate import movement 
in bond for purposes of reexport. The bonded imports in 1935 totalled 
18.8 million barrels, and were practically confined to crude oil and 
fuel oil. Our foreign-trade policy in respect to oil has been opportunis- 
tic rather than scientific, but the problems involved admittedly have 
not been simple. The needs of the situation require a balanced policy 
having regard to the principles of conservation, equity under prora- 
tion, industrial equilibrium, and maximum interchange of goods in 
world trade. 

The consumer of petroleum products is concerned with service, 
quality, and price. The elements of service and convenience have per- 
haps been overdone, but this is a less serious flaw than default in these 
respects. The quality of petroleum products has displayed the pro- 
gressive improvement characteristic of all commodities whose tech- 
nology has received the stimulus of keen competition. As to price, 
the situation may be examined as regards the retail price of gasoline 


as compared with the general-commodity price level as shown in 
Table III. 


25 According to the U. S. Bureau of Mines, imports of crude and products for 
domestic consumption averaged 93,000 barrels daily in 1935 and 88,000 barrels daily 
in the first 3 months of 1936. 
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Table III indicates that the retail price of gasoline, tax excluded, 
has not only displayed a downward trend for the past 12 years, but 
that relative to the index of all commodities it has favored the buyer. 
Figure 14 shows by months, over the past 4 years, the course of the 
prices of crude oil and its principal derivatives in relation to one 
another and to all commodities. 

The existing relationship of the petroleum industry to the State 
is involved and can only be outlined in this place. The State has as- 
sumed a responsibility to the industry to aid it in the attainment and 


TABLE III 


RELATIVE Price or GASOLINE AT RETAIL (ExcLuDING TAx) IN 50 
REPRESENTATIVE CITIES, BY YEARS, 1924-35 


Bureau of Labor 
Gasoline Gasoline Statistics’ Index 
Year of All Commodities 
Cents per Gallon | In Per Cent of 1926| In Per Cent of 1926 
19.22 92.4 98.1 
19.94 95-9 103.5 
20.80 100.0 100.0 
17.95 86.3 95-4 
17.72 85.2 95-3 
kes 12.89 62.0 73-0 
sth 13.24 63.6 64.8 
13.44 64.1 80.0 


maintenance of industrial equilibrium, using this term in a broad and 
constructive sense. This responsibility has been fulfilled, at least in 
part, through the instrumentality of proration, which has the support 
of the various State conservation commissions, the recently formed 
interstate compact, and the Federal Government (which renders an 
invaluable service through the advisory State production quotas cal- 
culated by the United States Bureau of Mines). The industry has an 
obligation to the State to give a good account of its stewardship and 
to contribute its share of taxes to the support of the Government. 
The industry has proven to be a fertile field for the incidence of taxa- 
tion, which has been carried to considerable lengths and complexity 
in this business. The American Petroleum Institute estimates” that 
the total amount of taxes collected from the petroleum industry, its 
products and customers, in 1935 amounted to approximately 1} 
% Amer. Petrol. Inst. Quar., Vol. 6 (1936), p. 31. 
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billion dollars. Reduced to a per-barrel basis, the aggregate represents 
$1.14 per barrel of crude oil produced, against a weighted average 
price of 98 cents a barrel. About three-fourths of the total went to 
our State and local levies, while one-fourth was paid into the Federal 
Treasury. Six hundred and twenty-five million dollars, or about 56 
per cent of the total, represent State gasoline taxes, and the relation 
of this item to the retail price of gasoline is shown in Figure 15. Gaso- 
line taxes are approaching the point of diminishing returns and there 
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Fic. 14.—Trend of relative prices of crude oil and its products, compared with 
Bureau of Labor statistics index of all commodities, by months, 1932-36 (April). 
Average prices in 1926= 100. 


is some indication of a reversal in their expansion, or at least a ces- 
sation in their growth. 

The relationship of the industry to the problems of labor have, on 
the whole, been marked by a considerable degree of mutually satis- 
factory attainment. In the producing, refining, and transportation 
divisions of the business, the personnel is predominately of a special- 
ized and skilled type, located largely in the oil fields, and forming 
special communities of interest. The industry has provided good 
living conditions on the industrial frontier, where pioneering condi- 
tions exist, and the average oil camp is a striking example of conven- 
ience and even comfort in the midst, frequently, of harsh geographic 
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surroundings. In the field of distribution, the nature of employment 
relationships has been in the direction of the growth of an independent 
business for thousands of individuals who have thus found a means 
of livelihood, or some additions to their income. The American Petro- 
leum Institute?’ has calculated from data compiled by the United 
States Bureau of Labor Statistics the weekly earnings per worker in 
‘the production and refining divisions of the oil business, and the 
results are summarized in Table IV. 


TABLE IV 


AVERAGE WEEKLY EARNINGS IN THE PRODUCING AND REFINING DIVISIONS OF THE 
Or BUSINESS 


Hours per Week 


Averages Index Numbers 


1929 (May) 1935 (Aug.) 1929 (May) 1935 (Aug.) 


Production....... 51.0 36.4 100 71 
Refining......... 49.0 35.0 100 71 


RATE FER HOUR 


Production....... $0.66 $0.77 100 
$0.64 $0.81 100 126 


WEEKLY WAGES 


Production....... $34.00 $27.91 100 82 


COST OF LIVING INDEX 


| 98.9 | 83.0 100 | 84 


“REAL”? WEEKLY WAGES* 


$33.80 100 


Production $34.40 
$31.35 


$33.60 100 | 98 


* Actual wages divided by cost-of-living index. 


The investor in the American petroleum industry has, during the 
past 10 to 15 years at least, received a relatively small return in earn- 
ings and dividends. Yet the rate of expansion in the size and scope of 
the industry has been noteworthy, indicating that the stimulus was 
created not so much by profits realized as the hope of profits to come. 
The American Petroleum Institute estimates the current investment 
in the petroleum industry in this country to be in the neighborhood 
of 12 billion dollars, compared with 11 billion in 1927, and 2 to 23 


27 American Petroleum Industry (New York, 1935), pp. 188-189. 
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billions in 1911.28 The Institute also calculates, based upon reports 
covering about 85 per cent of the total investment, the remainder 
being estimated, that the average earnings for the 12-year period, 
1921-32, were 1.66 per cent on the invested capital, the best year 
showing 4.96 per cent and 3 years marked by deficits. Standard 
Statistics Company,”* has published a study of 21 oil companies, rep- 
resenting probably 50 to 60 per cent of the entire industry, covering 
the 12-year period, 1922-33. During this time the invested capital of 
the companies reviewed increased from 3.8 billion dollars to 7.2 billion 
dollars, and the ratio of reported earnings to invested capital averaged 
6.1 per cent; also the cash dividends paid during this period repre- 
sented a return of 4.1 per cent on the invested capital. These two fig- 
ures compared, respectively, with 7.3 per cent earned and 5.6 per cent 
in cash return on 135 representative industrial corporations. So far 
as the investor is concerned, therefore, it appears that his equity has 
expanded but his return has been relatively small. 


RESUME 


The criteria by which the competence of any industry may be 
judged include the ability to grow, to progress, to develop means for 
maintaining equilibrium, to build an efficient body of technology, and 
to assume a form adapted to the progressive reduction of costs. If 
an industry accomplishes these things or makes headway toward such 
objectives, and at the same time transmits the fruits of technology 
and lowered costs to the consuming public, then that industry may 
be said to have given an acceptable account of its stewardship. It 
is probable that no American industry has faced a more difficult series 
of problems in these respects than those that have confronted the oil 
business at every stage in its development. The requirements of a 
a dynamic market in fields that have changed the nature of modern 
industrial civilization have been imposing but have been satisfied. 


8 American Petroleum Industry (1935), pl. 10. The National Petroleum News 
(February 5, 1936), p. 41, estimates the investment as follows: 


Pred Item Million — 

Marketing facilities 


29S. N. Shaw, “‘Two Cycles of Corporation Profits: Sec. 6,”’ T: he Oil Industry (New 
York, 1936). 80 pp. 


rel 
if 
‘ 


THE AMERICAN PETROLEUM INDUSTRY 195 


A brilliant body of technology has been constructed to meet the spe- 
cialized requirements of every department of the undertaking, and 
vistas are opening up of continuing advancement in new and ingenious 
directions. The problems of equilibrium have been intricate and at 
times apparently insoluble, because of the handicaps imposed by the 
rule of capture; and yet a new mechanism has been evolved by the 
industry, with the coéperation of the oil-producing States and the 
Federal Government, which has made headway in meeting even this 
difficult and obdurate issue. The economic structure of the industry 
has adapted itself to the requirements of lessening costs, with a result- 
ant reflection in price, so that the consumption of petroleum products 
has never been retarded by undue claims upon the existing purchasing 
power of the public. 

The American petroleum industry has been charged with a waste- 
ful development of the resource. The requirements of rapid expansion 
and the rule of capture have been responsible for relatively heavy field 
losses in the production of crude petroleum, but improved technology 
and proration have reduced their incidence as well as created offsetting 
economies. There are still flagrant examples of inefficiencies arising 
from hasty withdrawals; but, however spectacular when viewed sin- 
gly, they no longer bulk large in the aggregate, and are subject to cor- 
rection by the stricter enforcement of the State conservation laws and 
the more rigid application of the principle of ratable takings. The 
technical knowledge relating to the utilization of reservoir energy, 
gained in recent years under the restricted flow imposed by proration, 
has revolutionized the production concept, and grossly wasteful pro- 
duction practices are coming to be limited to residual situations 
where legal technicalities or political laxity are invoked in their favor. 
The ideal application of optimum methods, however, waits upon the 
further nullification of the rule of capture, either through the con- 
structive evolution of the proration mechanism, or else as a result of 
the foreshortening of the process through direct elimination of the 
capture principle. 

The problem of economic equilibrium in the petroleum industry 
in the interim is not wholly solved. The proration mechanism has not 
yet been perfected, either in structure or in application. It can be 
impaired if price fixing is permitted to enter into its operation, for the 
existence of a flexible price structure is essential to its adequate devel- 
opment. Its administration needs to be developed so that unnecessary 
wells are not required under its rulings and the rate of drilling may be 
accorded bilateral flexibility in responding to economic influences. The 
State production quotas provided by the United States Bureau of 
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Mines deserve readier acceptance by the State conservation commis- 
sions, and the distinction between a crude-oil quota balanced against 
refiners’ demand and one equated to the consumer’s demand for prod- 
ucts requires a clear perception on the part of all those interested in 
equilibrium. Nevertheless, a pragmatic, flexible plan of action has 
been in course of evolution for a period of 10 years, and the essential 
framework of a workable operating structure has already been estab- 
lished. 

The oil business in the United States is the first great industry to 
develop a new method of conducting its business, having altered the 
design of its economic structure in order to make the enterprise more 
susceptible to regulation by the ordinary laws of economics and to 
free it from the disturbing influences of the unchecked operation of the 
rule of capture. The industry is experimenting with a new economic 
form. The further evolution of proration will afford a fascinating case 
history of an effort by competitive enterprise, with our existing legal 
background, to find a practical solution for a complicated problem of 
unique character. Much progress has already been registered toward 
a workable answer. The undertaking deserves the interested attention 
of all concerned. 
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INTERRELATIONSHIP OF GEOLOGY 
AND GEOPHYSICS! 


O. L. BRACE? 
Houston, Texas 


ABSTRACT 


Geophysics has advanced to such an important place in the field of structural pros- 
pecting that there is a tendency, in some quarters, to relegate the geologist to a position 
of secondary importance in this field. Geophysics is here regarded as purely a new and 
complex means of reading strike and dip and, as such, is to be classed as an additional 
geologic tool. 

Geology serves as an indispensable guide to every step of geophysical activity, 
and without such guidance, the geophysicist can not hope to reach his objective. Lack 
of codrdination between the two technical branches has led, in the past, to much mis- 
interpretation of geophysics and continued future success will depend upon a greater 
degree of codperation in preparing the background for geophysical prospecting and in 
interpreting the results obtained by such methods. 


INTRODUCTION 


The recent phenomenal development of geophysics as a factor 
in the search for new oil reserves leads to the following questions. Is 
the petroleum geologist, in that particular department of his work that 
deals with structural prospecting, to take a position of secondary 
importance to the geophysicist, or is geophysics to be regarded as " 
another tool, which the geologist may utilize to solve his problems “is 

, more effectively? These questions are brought to mind by the appar- 
ent present-day tendency of geophysics to dominate, in certain prov- 
inces, the field of oil finding. 

In a review of the new fields found during the past few years, it is 
impressive to note the widespread discovery claims of the geophysi- 
cist. The geologist, regardless of the degree of his participation, is 
seldom mentioned nor is the application of the principles of geology 
outwardly credited with having been an important factor in bringing 
about these successes. The uninformed observer, and this class may 
be said to include many men active in petroleum exploration, may 
arrive at the conclusion from this that in the search for new petroleum 
supplies, geologists have been definitely relegated, in many areas, to 


1 Manuscript received, January 16, 1937. 


} 2 Consulting geologist, 813 Second National Building. The writer wishes to acknowl- 
$ edge a debt of gratitude to the numerous geologists and geophysicists who have assisted 
in the preparation of this paper by their advice and criticism. Those who have been 
particularly helpful include Joseph L. Adler and L. C. Snider of New York, Paul Wea- 
' ver of Houston, and C. L. Moody of Shreveport. 
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a position decidedly secondary in importance to geophysicists. It is 
the purpose of the writer to consider the function of these two groups 
and to analyze their relationship. 


TECHNIQUE OF STRUCTURAL PROSPECTING 


In the early days of petroleum geology, the search for oil and gas 
was mainly confined to regions in which consolidated rocks permitted 
a relatively simple structural interpretation through a study of sur- 
face formations. During a period of intensive study covering approxi- 
mately 30 years, practically all of the more obvious uplifts have been 
mapped and tested by the drill. Early in this period, structural study 
was carried beneath the surface by means of well logs and a knowledge 
of general structural conditions has thus been extended into areas 
where poor exposures and unconsolidated sediments constitute a 
handicap to surface mapping. In certain areas where stratigraphic 
conditions justify, the acquisition of subsurface information has been 
augmented by use of the core drill, but normally, where well control 
is scattered, prospecting has been guided too frequently by insufficient 
structural information. 

The progress of the technique of structural prospecting has fol- 
lowed a more or less orderly sequence. Structural study and subse- 
quent drilling and discovery have begun with the obvious type of 
trap and have progressed to the obscure type, with new methods of 
solution being developed as necessity dictated. When the anticlinal 
theory first gained a wide following, the search for structures was con- 
fined to simple types that would fit a simplified theory. The com- 
plexity of structural forms under which oil and gas may accumulate 
was not recognized until this wide diversity was brought to light in 
the natural progress of oil-field development. 

With the gradual elimination of obvious structures in areas in which 
preliminary surface and subsurface study is possible, the necessity 
arose for a method by which deep-seated structural conditions could 
be appraised in the absence of surficial criteria. This necessity was 
met by the adaptation of known geophysical methods to this purpose. 
The first geophysical instruments to be put into use were the torsion 
balance, the magnetometer, and the refraction seismograph, followed 
more recently by the reflection seismograph. 


INTRODUCTION OF GEOPHYSICS 


The Gulf Coast area has constituted the proving ground for geo- 
physical methods. The torsion balance and the refraction seismo- 
graph, aiming directly toward the detection of the salt core that lies 
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beneath the arched sediments of the typical salt dome, were intro- 
duced because it was obvious to the geophysicist and seismologist 
that they should have a capacity for isolating such salt masses. Dur- 
ing the first few years of operation, the effectiveness of these methods 
was such that virtually all of the shallow, piercement type domes were 
located, together with several domes in which the intruded salt mass 
lay at greater depths. Their effectiveness, however, decreases rapidly 
with depth, due to the increased generalization in the character of 
the records; and the reflection seismograph, which does not incorpo- 
rate this limitation to as marked a degree, was introduced and took the 
lead in the field of geophysical exploration. . 

After such a successful introduction on the Gulf Coast, the use of 
geophysics was extended out into other regions. The refraction seismo- 
graph was found to be a successful detector of arched sediments in 
areas where massive hard members occur in the section and the tor- 
sion balance, under similar conditions, was used with fair success. 
The torsion balance, despite its limitations, continues to occupy an 
important place on the Gulf Coast as a reconnaissance instrument. It 
has the advantage of speed and economy and it has furnished a back- 
ground that has pointed to many domes that have subsequently been 
detailed by reflections. The reflection seismograph, however, has an 
adaptability that the other instruments lack, and it is being operated, 
with varying success, wherever petroleum exploration is being prose- 
cuted on a large scale. In the absence of detailed surface or subsurface 
geology, it is considered the final appraiser of structural conditions 
and it is applied as a final check against both the refraction seismo- 
graph and torsion balance, before development is commenced. 

Of the geophysical methods discussed, the data to be derived from 
the records of the reflection seismograph more nearly approximate 
actual structural elements than do those furnished by the other two. 
An anomaly discovered by the torsion balance can not, without addi- 
tional information produced by other means, be attributed to any 
unique geological structure. The anomaly merely indicates that a 
body, differing notably in specific gravity from the surrounding rocks, 
lies somewhere near, below the site of the anomaly, or that, if the 
body be a stratum, it is thicker or thinner, shallower or deeper, at that 
point than normally. The intensity and shape of the anomaly are 
functions of the relative specific gravity, depth, size, and shape of the 
structural body which causes it, and because these four variables can 
not be determined individually with the torsion balance, but only 
their sum total effect, unsupplemented torsion-balance data can be 
converted into structural terms only empirically by comparison with 
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similar anomalies in the same region, the structural source of which is 
known. 

Similarly with the refraction seismograph, even under the most 
favorable circumstances, only the velocity with which sound waves 
are propagated in hard beds can be determined. If there are several 
hard beds, successively deeper, it is usually true that the mapping of 
dip and strike, and the determination of faulting, can be done by the 
refraction method, only as to the shallowest of these, and only in 
special cases can similar information be obtained of the deeper hard 
beds. 

It is also a limitation of this method that the distance between 
shot-point and recorder on the surface is large compared with the 
depth of the hard bed being mapped, usually four times as a minimum. 
This means a much greater expense than for the reflection seismo- 
graph, and also means that errors in computation are introduced if 
there are variations in the velocity of the beds above the hard one 
being mapped. While correct conclusions can frequently be inferred 
from the velocities measured, as to the nature of the rock bodies and 
the depths of the contacts between them, it is obvious from the fore- 
going relationship that the refraction seismograph is not a sufficiently 
delicate tool for the detection of deep-seated oil-bearing structures. 
The reflection seismograph, on the other hand, determines directly 
the structural attitude of the arched sediments that comprise the 
uplifted area over distances as short as may be desired, and re- 
gardless of whether correlation or slope method is being applied, the 
results need no conversion in order to be directly utilized for structural 
interpretative purposes. That is true in the same sense as are the points 
on the correlating datum established by the subsurface geologist from 
a study of well logs or the dips recorded in the field by the reconnais- 
sance geologist. 


SUMMARY OF GEOPHYSICAL METHODS 
TORSION BALANCE AND REFRACTION SEISMOGRAPH 


This paper is written from the viewpoint of the geologist, and the 
discussion of the basic principles of geophysical methods has been 
carried only so far as is necessary to clarify the relationship that is 
under discussion. The particular manner in which the principles of 
geology are directly applicable to the interpretation of geophysics 
varies with the type of instrument in use. The torsion-balance opera- 
tor deals with abstract physical factors and in the presence of a grav- 
itational anomaly he does not say, “here is a structure,” but rather, 
“here is evidence of gravitational irregularity that may be due to 
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structure.” The results of such surveys when placed on the map, are 
not intended to convey a direct structural message, but, as has al- 
ready been said, they may be compared with other anomalies, in the 
same region, whose structural source is already known, for an establish- 
ment of indirect structural valuation. In a similar sense, the refraction 
seismograph, in recording the time required for sound to travel be- 
tween certain points through the earth’s crust, registers any radical 
change in the rate of speed that would indicate a variation in the com- 
position of the conveying medium along the path of the sound wave. 
This may, in turn, signify the presence of salt or of arched sediments, 
according to the character of the record. In borderline cases, that is, 
in cases of only slight refraction “leads,” and in cases of deeply pene- 
trating shots, there is always the possibility that the higher velocity 
may result merely from the compaction of the sediments due to struc- 
ture building and that such structures may be anticlines, synclines, 
fault zones, or even mere monoclines of steeper than normal dip. 
In any event, the inference that abnormally high velocities necessarily 
indicate favorable structure can not be drawn without first having 
appraised all of the numerous geologic factors that have a direct bear- 
ing on the problem. 


REFLECTION SEISMOGRAPH 


Correlation method.—The contributions of the geologist form an 
indispensable background to the proper interpretation of torsion 
balance and refraction seismic data and he assumes a réle of even 
greater importance in connection with the reflection seismograph. 
This instrument operates by passing a sound pulse, created by a dyna- 
mite explosion, into the earth and recording the t me in which it is 
reflected back to the surface. The reflecting media are certain surfaces 
contained within the deeply buried stratigraphic section. It is appar- 
ent from this that stratigraphy enters the problem as a basic factor, 
since the capacity of certain parts of the lithologic section to act as 
consistent reflectors constitutes the gauge of the value of the resulting 
records. If the subsurface section is made up of alternating hard and 
soft members in which definite characteristics of lithologic nature 
and hardness persist laterally for considerable distances, then it is 
possible to employ the correlation method of shooting. Under these 
circumstances and by this method, certain groups of beds that may 
be referred to as reflecting constants, are recordable throughout broad 
areas, and, by reducing time records to feet, depths to such datum 
horizons may be-placed on the map and contoured as in ordinary 
subsurface mapping. In the absence of the particular lithologic type 
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that is basicly essential to correlation shooting, the slope method is 
employed. 

Slope method.—The sediments that comprise some of the thicker 
segments of the stratigraphic column, were laid down under shore- 
line conditions where rapid advances and retreats of the sea and 
strong and irregular cross-currents resulted in the continual reworking 
of materials in the processes of deposition. These depositional in- 
fluences have produced a section in which but few members maintain 
a lateral lithologic unity. Such is the character of most of the later 
Tertiary sediments of the Gulf Coast. In parts of this region, as well 
as in other regions of similar type, the variable lithologic character 
is, in most places, an effective barrier to the use of the correlation 
method. In its place, the slope method has been perfected and is in 
general use and, though the results to be obtained with slopes are 
much less satisfactory than with correlations, the method is being 
used very effectively to outline, in a general way, numerous favorable 
structural areas. 

When slope shooting is employed, each shot-point, with its de- 
tector system, furnishes a record that is, in theory, a localized unit 
in the system of structural control. This is true because the reflecting 
beds may be scattered throughout a vertical section with a thickness 
of 10,000 feet or more and it is improbable that any unit group of beds 
will consistently record from one station to another. Upon occasions, 
a datum group may be followed through certain portions of a limited 
survey, but in localities where it has been found necessary definitely 
to discard correlations in favor of slopes, this is not always to be an- 
ticipated. 

Upon completion of such a survey, the preferred practice is to 
construct slope profiles covering each independent traverse. These 
profiles present a balanced picture of slope conditions and permit an 
appraisal of localized conflicts that tend to confuse structural inter- 
pretation. As a second step, the slopes are placed on the map, with 
definite footage values assigned to the distance covered by the indi- 
vidual reading. These latter data make it possible to accomplish a 
direct reduction from recorded slopes to structural contours. In this 
reduction process, it is obviously difficult, in the absence of a common 
correlating medium, to tie the various traverses together, but this 
does not constitute an important handicap except in the presence of 
major faulting. 

Delimitation of faulting —In areas characterized by complex fault 
patterns, recognition and delimitation of faults is not ordinarily dif- 
ficult where correlations may be employed. If one or more groups of 
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datum beds are present throughout a detailed survey, faults may, 
under some conditions, be rather accurately mapped, both as to posi- 
tion and as to amount of displacement. The situation described is, of 
course, a more or less ideal one. It is true, nevertheless, that a correla- 
tion survey may be fairly accurate in this department, under favor- 
able circumstances. With slopes, however, faults constitute one of the 
most difficult phases of interpretation. This difficulty is easily under- 
stood when it is pointed out that in the records of a given profile, only 
chance reflectors may record at random throughout 5,000-10,000 
feet of vertical section and, in an almost complete absence of a com- 
mon datum through which vertical orientation may be accomplished, 
one or more faults may exist without leaving sufficient evidence of 
displacement to afford recognition. There are known instances, in 
fact, where traverses, exhibiting relatively flat, irregular slopes, have 
crossed faults with displacements in excess of 500 feet, without af- 
fording critical evidence of such features. 


STRATIGRAPHIC ASPECTS 


It has been pointed out that in the operation of the seismograph, 
the velocity of the sound pulse varies with the character of the medium 
through which it travels. Thus, sound travels through compact shale 
with higher velocities than through porous sand. Heavy, porous lime- 
stone, such as coquina, conveys sound with relatively low velocities, 
whereas limestone that is tightly cemented ordinarily serves as a high 
velocity conductor. 

Since the velocity of sound is the basis of measurement with the 
seismograph and since such velocities are variable in keeping with the 
lithologic medium through which they travel, changes in velocity 
due to unanticipated changes in the composition of the stratigraphic 
section may introduce errors in calculating relative depths to signifi- 
cant reflecting horizons. A good example of this effect is found at 
Smackover, Arkansas. In this field, the sands within the productive 
zone grade from a thick, relatively pure sand phase on the crest of the 
dome to shales off the flanks. Theoretically, since the velocity of 
shales is somewhat higher than that of sands, a seismic survey of this 
dome, without proper correction for such lithologic change, might 
furnish a structural conception to be interpreted as a depression in- 
stead of an uplift. 

Increased velocities that result from lateral changes in lithologic 
character are ordinarily observable in domal areas on the Gulf Coast 
and in structural areas elsewhere. They are observed to occur along 
seismic lines that penetrate areas of folded rocks and may arise from 
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the compaction produced by localized structural movement. Without 
proper correction, these increases tend toward a false accentuation of 
the degree of structural dip. 

Under shore-line conditions, there is normally a depositional 
change from shallow-water deposits along the inner margin of 
deposition, to deep-water deposits away from this margin, and the 
direction of the lines along which such orderly changes in facies occur 
is predictable as a result of a paleogeographic study of the region. 
Such gradations in lithologic type introduce rather pronounced 
changes in average velocities in certain districts. Considered from a 
regional standpoint, these changes are more or less gradual and regu- 
lar, but locally, limestone stringers or other hard members may be 
introduced and these can result in records that may lead to erroneous 
conclusions within the localized survey. This is particularly true under 
conditions where sand stringers or highly lenticular sand zones have 
been developed parallel with old shore lines. In places a change in 
lithologic facies along the updip margin of a regional structure may be 
such as to furnish high speeds that obliterate existing subsidiary an- 
ticlinal closure from the records. It is true, of course, that the effects 
here described constitute a more important factor in areas of minor 
closure than in those of major closure. 

In many areas, there takes place a regional wedging of prominent 
stratigraphic units that produces the type of influence that is under 
discussion. Such changes exist in the Comanche series on the flanks 
of the Sabine uplift. In a given section, there may be a lateral wedging- 
out of a low-speed segment, accompanied by a wedging-in of a high- 
speed segment. Such a lateral shift in the composition balance of the 
section tends to changes in velocity so that an actual regional steepen- 
ing of dip might be interpreted as a pronounced regional flattening. 

If proper allowance is not made for their presence, major uncon- 
formities may also be a factor in changing velocities and can result in 
radical misconceptions as to the significance of geophysical data. Such 
unconformities may also produce stratigraphic pinch-outs, but the 
convergence of reflectors that would indicate the presence of such phe- 
nomena may or may not be subject to proper interpretation in the 
absence of a detailed knowledge of stratigraphy. 

The foregoing illustrations are only a few of those that might be 
cited to show the important influences exerted by stratigraphic change 
on the interpretation of geophysical investigation. These statements 
might be amplified further but it is probable that additional material 
would serve little purpose in clarifying the issues under consideration. 
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REGIONAL STRUCTURAL ASPECTS 


The function of the geologist in relation to the solution of struc- 
tural problems begins first with a consideration of the regional struc- 
ture. It is a matter of common geological knowledge that, throughout 
most of the petroliferous provinces of the country, folds and faults 
that are the product of regional crustal adjustments tend to arrange 
themselves, in their relation to one another, into more or less regular 
patterns. The character of such patterns varies between provinces, 
according to the local alignment of the major features that control 
crustal movements. Thus, in intermontane areas and along moun- 
tainous coast lines, structures characteristically occur along lines that 
are directly related to the axes of the mountains: in major basins, 
structures occupy trends that are established in conjunction with 
major lines of weakness in the basement rocks. In the Balcones fault 
system, which extends across the state of Texas for a distance of 500 
miles, the main zone of fracturing occupies a line that nearly parallels 
the old coast line and the individual faults, lying en échelon, parallel 
one another at small angles to the line of direction of the zone. Such 
an arrangement is also characteristic of fault systems in other regions. 
The recognition of the influence of such regional effects upon struc- 
tural arrangement is important, especially in its bearing upon struc- 
tural interpretation. In the territory included within their zone of 
influence, these regional movements have an important bearing upon 
the relationship of one structure to another and upon the axial orienta- 
tion of the structures themselves. 

In the salt-dome areas of the Gulf Coast and of the regions sur- 
rounding the Sabine uplift, no such characteristic regional arrange- 
ment of structures is readily discernible. The structures that typify 
these areas have resulted from the upward movement of salt plugs 
arising presumably from deeply buried salt masses and this movement, 
which may have been brought about through the action of crustal 
adjustments, is not thoroughly understood. Complex fault patterns 
characterize a great many of these salt structures, particularly those 
that affect the young sediments of the Gulf Coast proper. These faults 
are localized within the immediate area of uplift and are the result of 
the intensive upthrusting action of the salt, with no direct relationship 
to regional influences. It is true that in the southwestern part of the 
immediate coastal region, there is evidence of a major line of weakness 
that parallels the coast line, along which occurs a trend arrangement of 
structures that may have resulted from salt action along a regional 
fault system. In addition, there is evidence in other localities of the 
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coastal region of Texas and Louisiana that regional faults may have 
influenced the pattern of structural development. With our present 
limited knowledge, however, such instances may not be considered 
typical of coastal conditions. 


LOCAL STRUCTURAL ASPECTS 


Just as the structures that are the product of regional movement 
ordinarily occur in a relationship to one another that is generally pre- 
dictable, so do individual structures assume forms that are character- 
istic of the local phase of the regional forces that have produced them. 
This statement is, of course, a generalization and is intended to convey 
the idea that in any given region, structures are the product of forces 
that tend to produce, locally, a certain type of fold. Illustrations that 
follow have been selected from areas with which the writer is most 
familiar. In intermontane areas, for example, some of the folds occur 
along trends, paralleling the axes of the mountains. Also, the individ- 
ual folds within such trends incorporate features that show a general 
degree of structural uniformity. This uniformity may apply to axial 
direction, general form, degree of symmetry, and direction of faulting. 

Similar statements may be made in regard to fault traps, particu- 
larly those along regional fault zones. The traps formed as a part of 
the Balcones system are essentially of the same type, even though they 
may differ considerably in detail. Thus, a thorough knowledge of the 
regional structural conditions surrounding such occurrences permits 
an advance conception of such features as the form of trap and direc- 
tion and approximate degree of hade of faulting of any particular 
locality. 

In the Permian basin area of West Texas and New Mexico, traps 
that serve to accumulate oil and gas may be classified in one of two 
or three distinct types. On the west side of the central platform, such 
traps have been formed by a combination of folding and deposition. 
They occur along well developed trends and their essential physical 
characteristics may be anticipated in advance of drilling. Within the 
platform area, folds assume, in the main, an orderly arrangement 
along regional lines. In individual detail, these folds are similar to one 
another, with the same directional assymetry and with a predictable 
axial orientation. 

There is no intention to convey the idea that all structures in the 
Permian basin, or in any other province, show a similarity in their 
individual characteristics, but merely that a sufficient number of 
them display a uniformity of development and relationship to create 


= 
: 
dl 
4 
- 
4 
— 
ig 
{ 
— 


GEOLOGY AND GEOPHYSICS 207 


an outstanding type that reflects the forces that have been responsible 
for their development. 

In the Gulf coastal region, the statements already made as to the 
interrelationship of structures may not so generally be applied. In the 
Laredo district of southwest Texas, oil and gas traps are largely prod- 
ucts of deposition, although faulting may have constituted an im- 
portant factor in some places. In the area adjacent to the coast, 
between Hidalgo and Jackson counties, structures do assume a trend 
arrangement and uplifts such as Saxet, Refugio, and Greta are the 
outstanding type for this locality. Associated with these type struc- 
tures, there are fault traps that occupy a separate trend inland from 
the Refugio line of folding and, coastward, there are additional lines 
along which either typical folds or typical faults may occur. Under 
either condition, such structures are found to be limited to a very 
narrow group of types and to bear to one another a relationship that 
is characteristic of the region in which they occur. 

Eastward along the coast, in the typical salt-dome regions of 
Texas and Louisiana, a background of structural knowledge is par- 
ticularly valuable in solving the problems of advance structural inter- 
pretation. An effort has been made in the past to work out a regional 
structural pattern that would explain the interrelationship of domes. 
There has been a prevalent idea that domes have developed along lines 
of weakness that have resulted from regional adjustments but little 
concrete evidence has been advanced to indicate that such lines are 
of an orderly, predictable nature. 

Although it is probable that the pattern of occurrence of coastal 
domes is a haphazard one, individual domes have a sufficient similar- 
ity one to another that they may be placed in a rather restricted 
group of types. Thus, piercement domes may be considered occupants 
of one class, in the sense that they are more or less of the same form. 
They may vary in size, in the degree of dip of the flanks and in the 
presence or absence of overhang but they all possess a more or less 
circular symmetry and their individual variations from type are only 
secondary to the preponderant similarities that characterize them. 

An increase in the individuality of structural types becomes ap- 
parent when a study of deep-seated domes is undertaken. Here again, 
there is a large group, the members of which are somewhat uniform 
in structural form but in which individual characteristics are more 
pronounced. These domes, of which Hastings, Iowa, and Anahuac 
may be chosen as examples, are circular and are, in a sense, a!l of the 
same type, except for their fault patterns. As a matter of fact, it may 
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be said that the fundamental domal form is normally altered solely 
through the agency of faulting. Such faulting is present, in varying 
degrees, in all deep-seated domes and it may take the form of simple 
faults, or of upthrown or downthrown blocks. Many domes are cut 
by a central graben with an axis at right angles to the major axis of 
the dome and by additional radial faults or radial grabens. 

The intensity of fault movement may produce domes with little 
or with great distortion. Central grabens are known to have developed 
to such an extent that two widely separated productive areas occur 
on opposite sides of the dome. In such cases, the outlines of the up- 
lifted area give the appearance of an axial anticline, rather than a 
dome. Where the central graben is of minor development, both as to 
width and displacement of the block, there is little distortion in the 
form of the dome and no interruption to the distribution of production. 

Besides the class of deep-seated domes here described, there is 
another class in which each member constitutes a separate structural 
problem. In this group, the uplifted area incorporates few of the struc- 
tural features that have come to be recognized in connection with salt 
domes. Some of these traps consist of areas of minor closure on the 
downthrown side of faults. Others are structural noses in which updip 
closure may be affected by lensing or by faulting. In still others, the 
area of closure may be’ formed by a series of faults in which blocks 
may be barren or productive without exact relationship to structural 
position. 

It is unquestionably true that in most provinces in which active 
structural study is in progress, regional forces that are recognizable 
have been mainly responsible for the structures that are the object 
of search and an understanding of these forces and of the folds that 
are characteristically produced by them is a prime requisite to the 
interpretation of the results of further geological and geophysical ' 
exploration. On the Gulf Coast, in particular, the individual struc- 
ture, in the absence of a recognized pattern of domal interrelationship, 
has certain features that are representative of the group and a thor- 
ough understanding of these characteristics is an indispensable aid to 
the interpretation of the data obtained by exploration. A knowledge 
of all of these fundamentals of regional and local structural occurrence 
constitutes the important working tool of the structural geologist. 


SIGNIFICANCE OF STRUCTURAL ELEMENTS AS RELATED TO SOURCE 


The structural elements which, grouped together, describe a fold 
are in themselves of uniform, simple character but the pattern pro- 
duced by their interrelations may be of extreme complexity. Strictly 
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from a structural standpoint, a short unit section of inclined strata, 
considered individually, is a positive element that is not subject to 
interpretation, but a large number of such units, grouped together, 
may afford an opportunity for numerous interpretations. 

The unit itself is the basis of a structural survey, and, regardless 
of the means of acquisition of knowledge concerning it, its character 
and significance remain constant. A dip reading taken on a unit of 
strata at the surface differs in no important degree from a slope 
sketched on a seismic record or a section of datum horizon indicated 
by correlation of two adjacent well logs. In other words, the character 
of the record from which structural data are derived may differ radi- 
cally, but each acceptable record should have the capacity to convey 
the same type of basic information. 

In a study of this nature, these units are under consideration for 
the structural information they may convey but each is, in reality, a 
stratigraphic record and as such, is subject to geologic appraisal as 
regards fitness to serve as an element in structural analysis. An in- 
clined surface bed may be the product of cross-bedding or slumping; 
fossil horizons that are the basis of well-log correlations may have 
varying degrees of reliability; and slopes derived from seismic records 
may be in conflict with known stratigraphic conditions; therefore, 
in evaluating these elements, the geological background becomes a 
prime requisite long before a structural study has reached the stage 
of actual structural interpretation. 

There is a current notion in some quarters that the elements that 
form the basis for structural study take on a new and strange signifi- 
cance when the information source is the reflection seismograph. It 
is true that the results may be more than ordinarily significant because 
they have been obtained in areas where other sources of structural 
information have failed, but from a purely technical viewpoint, there 
is nothing new in type nor is there release from the limitations that 
characteristically surround such data. It would seem, then, essentially 
fallacious to contend for the existence of a distinct dividing line be- 
tween orthodox structural geology and geophysics, or to assume that 
geophysics is a completely integrated science that has brought a new 
set of fundamentals, other than mechanical, into the realm of struc- 
tural prospecting. 


FUNCTION OF THE GEOLOGIST IN GEOPHYSICAL PROSPECTING 


The geologist may be said to have both a primary and a secondary 
function in his relation to structural geology. The primary function 
consists in acquiring a detailed knowledge of regional and local stra- 
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tigraphy, since it is from this basis that the ground work for structural 
prospecting is laid. The secondary function is that of reducing geologic 
data to structural terms. A structural problem can be solved only by 
resolving it to its component parts. The process of building these parts 
back into a picture that is not in conflict with recognized controlling 
structural elements is a step that is accomplished with no material 
change in the objective or in the character of the end product, regard- 
less of whether the resolving process has been effected by surface, sub- 
surface, or geophysical means. In any event, each group of elements 
falls more or less within the same category of usefulness. 

There was a time when most geophysicists and not a few geologists 
regarded geophysics as the cure-all for the problems of structural pros- 
pecting, but a readjustment of values has taken place and this idea 
is not so prevalent. It is true that in many areas where the geologist 
has set up the essential, preliminary geologic background, the geo- 
physicist has appeared to reap all the glory by presenting evidence of 
localized structure and this has fostered a tendency on the part of the 
geologist to retire to the background and permit the geophysicist 
to make localized, purely mechanical interpretations of the results 
of his studies. This lack of continuous codperation between the two 
has led to much needless misinterpretation of geophysics and there is 
a rapidly growing recognition of the error of this attitude. There are 
indications, in areas subjected to thorough prospecting, that the days 
of easy, successful accomplishment for geophysical methods are pass- 
ing and this change is, in part, being effected by the gradual elimina- 
tion of old prospects that have resulted from decades of compre- 
hensive geologic study. Continued success in solving the complex 
structural problems that will unquestionably typify the future, there- 
fore, will depend on greater improvements in technique and a guid- 
ance that is based on a more intensive application of geologic princi- 
ples. 

CONCLUSIONS 

This paper might be expanded to much greater length by a further 
recital of proofs of the interdependence of geology and geophysics. 
It might be said with truth that geophysics has added greatly to the 


depth of geologic thought because it has given to the geologist a means_ 


of stratigraphic and structural appraisal that was formerly denied 
him. It.might also be stated that geology serves as a guide to every 
step of geophysical activity, and, that without such guidance the 
geophysicist can not hope to reach his objective. Sufficient space 
has been devoted to this phase of the subject, however, to have clari- 
fied the question of this relationship. 
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In order that both geologist and geophysicist may benefit most 
effectively, the following suggestions are summarized. 

1. That the general direction of any oil-prospecting campaign be 
placed in charge of a competent geologist. The obvious advantage of this 
arrangement is that, in laying out the areas to be prospected, full 
advantage may be taken of all the accumulated geologic knowledge, 
both in its bearing on the character of the records to be anticipated 
and on structural interpretation. 

2. That each geophysical field party should be accompanied by a 
competent field geologist. This individual may guide the work from day 
to day and thus take full advantage of available geologic information. 
One of his important duties should consist of seeing that sufficient 
work is done where needed to avoid resurveying and in preventing 
needless work in areas that have no bearing on the particular problem. 

3. That an office geologist be detailed to work side-by-side with the 
geophysicist who makes interpretative maps. The combination of train- 
ing and experience in both geophysically applied physics and applied 
geology will produce results that will be devoid of many of the obvious 
errors that have characterized much of the unguided geophysics of 
the past. 
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STRUCTURE OF SOUTHEASTERN PART OF 
TEJON QUADRANGLE, CALIFORNIA! 


THOMAS CLEMENTS? 
Los Angeles, California 


ABSTRACT 


The southeastern part of the Tejon Quadrangle, California, is of interest to eco- 
nomic geologists for the light its history may throw upon that of near-by oil-producing 
and potentially productive regions. The rocks are both crystalline and sedimentary; 
= — of Tertiary and Quaternary age, aggregate more than 30,000 feet in 

ickness. 

Faulting is the dominant-structural feature. The area is divided into three struc- 
tural units by the Clearwater and the Palomas Canyon faults. The Clearwater fault has 
had a complex history, both vertical and horizontal movements having occurred at 
widely separated times. The Palomas Canyon fault shows evidence of vertical displace- 
ment only, Other faults of the region are the Violin Canyon, the San Francisquito, the 
Bee Canyon, and the Whitaker. 

Folds observed are the Castaic syncline, the Agua Blanca overturn, and the 
Elizabeth Lake Canyon upwarp. In addition, numerous small unnamed anticlines and 
synclines have been mapped. 


INTRODUCTION 


The Tejon Quadrangle, which lies between Latitude 34° 30’ and 
35° N., and Longitude 118° 30’ and 119° W., occupies a strategic 
position geologically in southern California. It is an area of integrated 
marine and nonmarine Tertiary sediments forming the boundary be- 
tween the Santa Ynez-San Rafael ranges on the west and the granitic 
masses that form the margin of the Mohave Desert on the east. Lying 
as it does between the Santa Ynez overfolds and the San Andreas 
shear zone, it partakes structurally somewhat of the nature of both. 

The area mapped of itself holds little promise of large production 
of oil, in spite of the fact that it borders the richly productive Ventura 
basin farther south and west. Nevertheless, its stratigraphy and struc- 
ture are of great interest to the economic geologist. Exploration for 
oil in California has passed the simple anticline-hunting stage and 
now requires an intensive study of the regional geology. The history 
of this marginal area may throw light upon the history of several pro- 
ducing and potential oil structures. 

The area described in this paper is rectangular and comprises ap- 
proximately 200 square miles in the southeastern part of the quad- 


1 Manuscript received, October 16, 1936. 
2 Department of Geology, University of Southern California. 
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rangle. Its east and south boundaries coincide with the respective 
boundaries of the quadrangle as a whole, and it extends west approxi- 
mately to Longitude 118° 50’ W. and north nearly to Latitude 34° 
40’ N., being about 18 miles east and west and 11 miles north and 
south. It lies almost entirely in Los Angeles County, only a few square 
miles of its westernmost part extending into Ventura County. 

The south boundary of the Tejon Quadrangle is about 45 miles 
north of the city of Los Angeles, and the part herein described is 
most easily reached by the inland route to San Francisco, commonly 
known as the Ridge Route (United States Highway 99), which divides 
the area into almost equal parts. There are few other good roads in 
the district. As a whole it is comparatively rough and inaccessible. 

The writer wishes to express his sincere appreciation for the help 
of J. P. Buwalda and other members of the staff of the California 
Institute of Technology. He is particularly indebted to W. S. W. 
Kew of the Standard Oil Company of California and to R. D. Reed 
of The Texas Company for their encouragement, advice, and criti- 
cism in the field. 


STRATIGRAPHY 
CRYSTALLINE COMPLEX 


Crystalline rocks crop out in various parts of the area. They are 
igneous and metamorphic, and formed the highlands from which 
the later Tertiary sediments were derived, and the basement upon 
which they were deposited. They likewise have been the buttresses 
against which the weaker sediments have been folded and crushed. 

Probably the oldest rocks are the Pelona schists, which cover a 
triangular area of about 3} square miles in the southeast corner of the 
quadrangle. This series is composed principally of rather coarse, 
granular mica-schist, in some places slaty and in others almost im- 
pure quartzite, and associated with coarsely foliated grayish gneiss. 
The series has been assigned tentatively to the Proterozoic. 

Two bodies of gneiss occur in addition to that mapped with the 
schists, one lying east and the other west of the Ridge Route. The 
gneiss is dark gray rock, composed mainly of quartz, feldspar, and 
mica; the eastern body is closely intermingled with marble and quartz- 
ite; and both have been intruded by Jurassic granitic rocks. The age 
assigned is Paleozoic. 

Granitic intrusive rocks cover an area of approximately 30 square 
miles; those in the northeastern part belong to the Liebre-Sawmill 
Mountain mass, whereas those in the western part presumably extend 
west to connect with similar rocks in the Mount Pinos Quadrangle. 
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The rocks are predominantly granodiorite in composition, although 
gradations are found into quartz diorite on the one hand and true 
granite on the other. Anorthosite is abundant as float in the vicinity 
of the western exposure. Both bodies are intrusive into the older meta- 
morphic rocks. The age is considered to be Jurassic. 


SEDIMENTARY ROCKS 


Martinez formation (Lower Eocene or Paleocene).—The oldest un- 
metamorphosed sedimentary rocks known in the southern part of the 
Tejon Quadrangle are lowermost Eocene. Apparently either no Cre- 
taceous seas extended over this area, or Cretaceous rocks that may 
have been deposited were eroded away prior to the deposition of the 
Martinez. Where the base of the Martinez is exposed, the underlying 
rocks are found to be crystalline, with no intervening sedimentary 
beds. 

Two unconnected bodies of rocks in the area have been mapped 
by the writer as Martinez. One is a thick series of sediments east of 
the Ridge Route and containing definite Martinez fossils. The other 
lies west of the Ridge Route and has been assigned to the Martinez 
on the bases of lithologic character and stratigraphic position. A 
third body, lying immediately west of and paralleling the Ridge Route, 
has been mapped tentatively as Modelo (Upper Miocene), but may 
well be Martinez also. 

The formation is marine in origin and is composed of conglomer- 
ate, sandstone, and shale. The conglomerate is the outstanding char- 
acteristic of the exposures, being extremely thick, and consisting of 
well rounded phenoclasts, as large as 2 feet in diameter, of granodio- 
rite, gneiss, quartzite, and rhyolite porphyry. The third body, pre- 
viously mentioned, is composed almost entirely of very coarse breccia. 

Domengine formation (upper Middle Eocene).—Rocks of Domen- 
gine age occur in the Piru Creek district where they overlie supposed 
Martinez beds farther north. Farther south, as a result of overturn- 
ing, they overlie younger Sespe and Vaqueros beds. The rocks, which 
probably mark the eastern margin of transgression of the Middle 
Eocene sea, are marine in origin and contain rather abundant fossils. 
Conglomerate, sandstone, and shale comprise the formation, the shale 
predominating. 

Sespe formation (Oligocene).—Three isolated outcrops of rocks 
have been assigned to the Sespe formation. All are continental in 
origin and because of certain common characteristics logically should 
be considered as correlatives, although being unfossiliferous, it is pos- 
sible that none of them belongs to the Sespe, or that they differ in 
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age. The strata as a whole are rather poorly sorted conglomerates, 
sandstones, and mudstones of varied composition and in most places 
somewhat highly colored. The outcrops occur in the eastern part of 
the area between San Francisquito and Elizabeth Lake canyons, in 
the northern part along Castaic Creek,”* and in the western part in the 
vicinity of Canton Canyon. 

Vaqueros formation (Lower Miocene).—Vaqueros beds are found 
only in the western part of the area extending in a narrow belt, in 
few places as wide as a mile, from a short distance east of Canton Can- 
yon beyond the margin of the territory mapped. The formation is com- 
posed of marine sandstones and shales with a basal section of very 
coarse conglomerate. These beds, which are the most fossiliferous of 
all those in the area, probably mark the easternmost edge of the 
Vaqueros sea. 

Temblor formation (Middle Miocene).—Lying above the Vaqueros 
with a marked angular unconformity are strata of Middle Miocene 
age. These consist of coarse, poorly sorted, basal conglomerate of little 
lateral constancy, followed by a series of hard cherty shales inter- 
bedded with a few thin sandstone layers. The upper limit of the beds 
is indefinite, since the overlying Modelo beds are also shale and both 
formations are unfossiliferous along the contact. Fossils are scarce 
and have been found only in float, the lithologic character and posi- 
tion of which indicated its derivation from these beds. 

Mint Canyon formation (Upper Miocene).—Land-laid beds cor- 
responding in many ways with the Sespe formation are found in the 
southeastern part of the area. These are a northern extension of the 
type Mint Canyon beds in the quadrangle immediately south, and 
they extend in a rapidly narrowing band across San Francisquito 
Canyon to a point a short distance west of Elizabeth Lake Canyon. 
Here they apparently grade laterally into basal Modelo marine beds 
and they also show evidence of grading upward into marine Modelo. 

The formation comprises a series of heavy-bedded, poorly sorted 
conglomerates and sandstones, generally rather highly colored, and 
in many places cross bedded. The character of the beds indicates that 
they were deposited as alluvial fan material and valley fill. A few 
scattered vertebrate fossils occur in the lower beds. 

Modelo formation (Upper Miocene).—The term “‘Modelo” is used 
in this paper to designate marine beds of Upper Miocene age. Such 
beds occupy approximately one-fifth of the area mapped. One expo- 
sure occurs in the Piru Creek district as the northern extension of the 


- 2a “Castaic” is now the preferred spelling for a locality name sometimes spelled 
“Castac.” 
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type Modelo beds, and another in the middle part of the area, along 
the Ridge Route. The former consists principally of shales though it 
includes some very thick strata of interbedded sandstone which are 
more prominent farther west. As previously mentioned, these beds 
are conformable with the underlying Temblor. 

The main body of Modelo rocks is in the central part of the area. 
These rocks are chiefly alternating sandstones and shales with well 
developed conglomerate at the base. They have been folded into a 
long asymmetric syncline, resulting in a repetition of beds on the two 
sides of the axis. The conglomerate on the northeastern side is of the 
normal basal type, whereas that on the opposite limb of the syncline 
is very thick, coarse breccia, apparently formed at the foot of an ac- 
tively rising fault scarp, since it is bounded on the southwest by the 
Palomas Canyon fault. It is separated from the upper beds of the 
Modelo by another fault and it is entirely possible that this breccia 
is not Modelo at all. 

The formation as a whole is marine in origin, although some of the 
uppermost beds of the central exposure show certain characteristics 
that suggest their being lacustrine. Fossils occur in the western body 
and in the lower beds of the other exposure, although those found in 
the breccia were too fragmentary to permit identification. 

Pico formation (Pliocene).—Marine beds of Pliocene age occur in 
the southern part of the Tejon Quadrangle between Palomas Canyon 
and Devil Canyon, and extend northward almost to Canton Canyon. 
The formation consists principally of light-colored, rather loosely 
consolidated sandstone and conglomerate with a heavy conglomerate 
member at the base and a considerable thickness of overlying shale. 
Parts of the formation are very fossiliferous. This occurrence marks 
the most northerly advance of the Pliocene sea that occupied the 
eastern part of the Ventura basin. 

Ridge Route formation (Pliocene?).—Continental beds occur in the 
northern part of the area, overlying with a slight angular discordance 
the upper sandstones and shales of the Modelo. The strata consist 
of rather well bedded sandstones and shales with many beds of con- 
glomerate, and appear to be lacustrine in origin, the only megafossils 
found thus far being fresh-water mollusks and a horse tooth, which 
came from north of the area mapped. The formation has been tenta- 
tively assigned to the Pliocene on the basis of stratigraphic position; 
it may be the equivalent of the Saugus formation. 

Saugus formation (Lower Pleistocene).—‘‘Saugus”’ is used by the 
writer to specify certain continental deposits unconformably overly- 
ing marine Pliocene beds, and cropping out in the extreme southern 
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part of the quadrangle. The formation varies in lithologic character 
with the nature of the underlying beds, but consists in general of 
rather loosely consolidated sandstone and conglomerate, characterized 
by poor sorting and poorly defined bedding. The rocks are unfossilif- 
erous, their age having been assigned by the writer on the basis of 
the unconformity separating them from the underlying Pliocene 
strata. 

Terraces (Upper Pleistocene).—Terrace deposits are well developed 
in some of the larger canyons, and terrace material is found capping 
many of the ridges in the southeastern part of the area. At least three 
stages of stillstand in the downward cutting of the streams are rep- 
resented. The material is unconsolidated and poorly bedded, and 
varies in composition from place to place. The attitude of the beds in 
general is horizontal, but one exposure close to the Palomas Canyon 
fault shows decided tilting. 

Alluvium (Recent).—Alluvium covers the floors of all the larger 
valleys in the area and extends far up many of the canyons. Its depth 
apparently is not great, since a well drilled in the bed of Castaic Creek, 
approximately one mile north of the south boundary of the quad- 
rangle, logged 80 feet of alluvial fill. The alluvium is nowhere within 
the area known to have been disturbed by recent faulting. 


STRUCTURE 
GENERAL 


The southeastern part of the Tejon Quadrangle offers some rather 
complex structural problems. One of the difficulties in solving them 
arises from the impossibility of determining definitely the ages of 
many of the members involved. The problems in themselves, however, 
are stimulating and are presented with such conclusions as it has been 
possible for the writer to draw. 

The area is divided into three major structural units, all of which 
trend northwest and southeast, roughly parallel with the general 
trend of the great San Andreas fault, which lies only a few miles north- 
east of the region mapped. The first is the Red Rock Mountain unit 
which occupies the northeastern part of the area and is so named for 
its most prominent topographic feature. It is composed principally 
of crystalline rocks, although it has a covering of sediments in the 
northwestern part; and it is separated from the adjacent unit farther 
southwest by the Clearwater fault. 

The second is designated the Castaic unit. It consists chiefly of 
sedimentary rocks and possibly should be considered to terminate 
against the Pelona schists farther southeast. However, in view of the 
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Fic. 2.—Columnar sections showing differences between western and eastern 
parts of area shown in Figure 1. See Figure 1 for legend. 
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fact that the sediments in part rest on the schists with a depositional 
contact, it seems more logical to consider the latter as part of the crys- 
talline basement of the unit. It is possible that this part of the area 
existed as a graben during much of Tertiary time, as evidenced by the 
thick covering of sediments and the fact that it is bounded on the 
northeast and the southwest by faults, along which it has been de- 
pressed relative to the adjacent units. 

The remaining part of the area is included in the Piru unit, the 
rocks of which are partly crystalline and partly sedimentary. How far 
west this unit may extend can be determined only by further field 
work in that part of the- quadrangle between Piru and Sespe creeks, 
a project to be undertaken by the writer in the near future. The Piru 
unit is complicated by differential movement within itself, especially 
along the Agua Blanca overturn. 


FAULTS 


Clearwater fault—The Clearwater fault is named for its evident 
connection with the origin of a canyon of that name in the Elizabeth 
Lake Quadrangle. It is a continuation of what Simpson has called 
the Bouquet Canyon fault,’ but since the name Clearwater was used 
at an earlier date by R. T. Hill and F. A. Nickell in unpublished 
papers, and by the writer in a brief paper given before the Geological 
Society of America,‘ it is deemed to have priority. 

The fault is well exposed in many places, the most accessible of 
which is in Elizabeth Lake Canyon, where cuts made in road-building 
afford excellent opportunities for study. Other good exposures are in 
Fish Canyon and along Castaic Creek. A rather wide crushed zone 
exists along the fault, particularly in the crystalline rocks. This is 
as wide as a quarter of a mile in some places, with granite and gneiss 
shattered and slickensided throughout. Springs of warm water occur 
in this zone. 

The topography shows very clearly the control exercised by the 
crushed zone, in the series of canyons all in line and in the notched 
divides between their heads. Ruby and Warm Spring canyons and the 
east fork of Fish Canyon owe their general alignment to the presence 
of the Clearwater fault, as does also the western fork of Salt Creek. 
The peculiar southward swing made by the main fault trace in Eliza- 
beth Lake Canyon is attributed to warping of the area in a direction 


3 E. C. Simpson, “Geology and Mineral Deposits of the Elizabeth Lake Quad- 
rangle, California,” California Jour. Mines Geol., Vol. 30, No. 4 (October, 1934), p. 405. 


‘T. Clements, “Structure of a Portion of the Tejon Quadrangle, California.” 
Abstract, Pan-Amer. Geol., Vol. 54, No. 2 (1930), p. 150. 
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almost at right angles to the trend of the principal structures after 
the major part of the faulting had taken place. The lobe of crystalline 
rocks thus formed has been cut off by a more recent break. Present 
stream channels have been determined largely by this later faulting, 
although it is not clearly marked in the field where it does not follow 
the line of earlier movements. 

A study of the fault surface as exposed in various localities shows 
it to have a general strike that ranges from N. 60° to 75° W. The 
former is the prevailing figure west of Castaic Creek, the latter east. 
The dip varies from 60° SW. to vertical, and even northeast, as shown 
in section AA’ (Fig. 3). Since the northeastern side has been uplifted 
relative to the other, the fault may be classed as either normal or 
reverse, depending on the point of observation. 

Displacement along the fault appears to have been of two very 
different natures. Vertical movement, with the Red Rock Mountain 
unit relatively uplifted, is indicated by the presence in the vicinity 
of Fish Canyon of Martinez basal beds and underlying crystalline 
rocks faulted up against beds much higher in the Martinez section. 
The minimum vertical displacement at this particular point is esti- 
mated to be nearly 4,000 feet. That this faulting was of a hinge type, 
with greatest throw along the southeastern part, is suggested by the 
fact that east of Elizabeth Lake Canyon no sediments are found on 
the upthrown side, though from Fish Canyon west progressively 
higher beds of the Martinez are exposed at the surface. 

Horizontai displacement is shown by the presence of the supposed 
Sespe rocks lapping up on the Martinez on the northeastern side of 
the fault, whereas they are absent on the southwestern side. At first 
glance this might seem to be simply the result of the vertical faulting; 
however, these rocks have been preserved on the upthrown side and 
are missing from the other, quite the reverse of what would be ex- 
pected as the result of vertical faulting. As younger overlying beds 
have hidden any trace of the offset Sespe (?) on the northwest, it is 
impossible to determine the maximum amount of movement. The 
minimum is slightly more than 2 miles. The Red Rock Mountain unit 
has been displaced toward the southeast relative to the Castaic unit, 
the direction of movement being similar to that along the San Andreas 
fault. Well preserved horizontal grooves and striae indicate that the 
horizontal movement took place after the major part of the vertical 
displacement. 

Because of the impossibility of accurately dating the supposed 
Sespe, it is difficult to determine definitely the times of activity of the 
Clearwater fault. The first recorded movement, the major vertical 
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displacement, occurred after Martinez time (early Eocene or Paleo- 
cene) and prior to the deposition of the Sespe (Oligocene?). The 
horizontal slipping took place following the latter event, but before 
the Modelo (Upper Miocene) had been deposited, since a small 
tongue of Modelo rocks projecting across the fault and resting on the 
Sespe (?) has been broken but not offset horizontally. It is quite pos- 
sible that this was concurrent with the first movement on the San 
Andreas, often considered to have taken place during the Miocene. 

Further vertical displacement occurred following deposition of the 
Ridge Route formation (Pliocene?), since these rocks have been dis- 
turbed along the fault. Again inability definitely to date this formation 
clouds the exact time determination. The previously mentioned warp- 
ing took place between the time of horizontal movement and that of 
the last vertical displacement, since Miocene deposits are affected by 
the warping and the Warm Spring Canyon extension of the Clear- 
water fault is not. It seems likely that this last disturbance came at 
the beginning of, or in, the Pleistocene, possibly at the break between 
the Saugus and the terraces. 

Palomas Canyon fault——The Palomas Canyon fault is named for 
its excellent exposure in the canyon of the same name. A study of 
the topography suggests that the fault continues northwest beyond 
the area herein considered, and it has been mapped by Kew’ as ex- 
tending southeast to connect with the San Gabriel fault zone near 
Saugus. 

In addition to the exposures in Palomas Canyon, the fault is visible 
in upper Canton Canyon just below Oak Flat, in Piru Canyon a short 
distance downstream from the point where the new Ridge Route first 
enters the canyon, and on various ridges on both sides of the canyons 
named. It is very prominent where crossed, showing a crushed zone 
that varies from a few feet to several hundred yards in width, with 
considerable gouge and slickenside. It is only where it passes alto- 
gether into sedimentary rocks, as it does in the southern part of the 
quadrangle, that it becomes difficult to locate accurately. 

The straight trace of the fault across the map is indicative of its 
high angle. Where exposed in upper Canton Canyon the strike is 
N. 40° W. and the dip is 80° NE. The surface flattens somewhat in 
Piru Canyon, where the dip is approximately 60° NE.; at no place 
does it appear less than this. 

Movement along this fault has been much more simple in its 
nature than that along the Clearwater fault. There is evidence of 
vertical displacement only, with the Piru unit relatively upthrown, 


5 Personal communication. 
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although the sharp fold in the breccia adjacent to the fault suggests 
a reversal in the direction of movement (Fig. 3). The coarseness and 
angularity of the material comprising this breccia indicate its forma- 
tion at the foot of the scarp of the Palomas Canyon fault, the blocks 
all having been derived from the crystalline rocks of the Piru unit. 
The latter apparently was actively rising during the formation of the 
breccia, whose very considerable thickness implies a throw of many 
hundreds and perhaps thousands of feet. The fault shows the char- 
acteristics of a normal fault throughout its course. 

The earliest movement, of which there is a record, is that corre- 
lated with the formation of the breccia, but whether the latter is 
Modelo, Martinez, or even Sespe, is purely a matter of conjecture. 
If the area between the Clearwater and the Palomas Canyon faults 
was a graben, then movements along the two must have been related 
in time. This, however, would fit none of the foregoing assumptions 
as to the age of the breccia, since the principal vertical displacement 
along the Clearwater fault seems most likely to have been post-Mar- 
tinez and pre-Sespe. It is quite possible that this early movement 
along the Palomas Canyon fault occurred during the profound break 
indicated by the unconformity between the Lower and Middle Mio- 
cene beds, the fault continuing to be active during the early part of 
late Miocene time. This is another of the problems that must look to 
the future for final solution. 

Later movement is shown by the disturbance of Pico (Pliocene) 
beds and also of the Saugus (early Pleistocene). The higher dips in 
the former as compared with the latter may be the result of activity 
along the fault both before and after deposition of the Saugus, but 
may likewise have been brought about by regional tilting at the end 
of the Pliocene with disturbance of both sets of beds by faulting in 
post-Saugus time (probably Middle Pleistocene). Late Pleistocene 
adjustment along the Palomas Canyon fault is indicated by the dis- 
turbance of young terrace material just east of the fault. No break 
in the alluvium has been observed. 

San Francisquito fault—The most interesting of all the minor 
faults is that which has been named the San Francisquito fault. Pass- 
ing as it did under the St. Francis dam, it was indirectly responsible 
for the failure of the dam in 1928, and received considerable attention 
at that time. It forms the boundary between a patch of the supposed 
Sespe and the Pelona schists from the east margin of the quadrangle 
to about a half mile below the former dam site, where Mint Canyon 
beds are interposed above the schists and become the footwall rocks. 
Continuing down the canyon to a short distance below Power House 
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No. 2, the fault swings west across the ridge into Charlie Canyon. 
Thence it is traceable northwest to a point just east of Elizabeth 
Lake Canyon, where at its intersection with the Bee Canyon fault 
it apparently ends. 

The fault can be seen to excellent advantage almost continuously 
from the former site of the dam to where it crosses the ridge into 
Charlie Canyon. Above the dam site it is obscured by alluvium, and 
below, on the ridge where it leaves the canyon, thick brush makes 
observations impossible. It is very well exposed in the west fork of 
Charlie Canyon. 

Where exposed at the dam site, the fault strikes N. 55° E. and dips 
at an angle of 44° NW. This is a comparatively low angle and sug- 
gests a thrust, although the fact that older rocks comprise the foot- 
wall favors its being of the type usually designated as normal. At the 
locality below the dam where Mint Canyon beds first appear, the 
latter rest on the schists with a depositional contact, and the fault 
here is between the Mint Canyon formation and the overlying older 
red beds of the supposed Sespe. The latter are highly fractured, and 
stained a deep maroon by hematite deposited by water moving along 
the fractured zone. At the contact there is at least a foot of unmistak- 
able gouge. This is composed largely of crushed schist from the boul- 
ders in the underlying basal conglomerate of the Mint Canyon for- 
mation, and is leached to light gray. The superposition of Sespe (?) 
on the younger beds is rather conclusive evidence of overthrusting. 

The overthrust nature of the fault is maintained down the canyon, 
but where exposed in Charlie Canyon it has assumed the character 
of a normal fault, the plane dipping approximately 65° SW., or 
under the Miocene sediments. It continues as such to its intersection 
with the Bee Canyon fault. Since it is so closely related to the latter, 
its time of movement and causative forces will be discussed following 
a general discussion of that fault. 

Bee Canyon fault——The Bee Canyon fault forms the Martinez- 
Sespe (?) contact between San Francisquito and Elizabeth Lake 
canyons, its name coming from its probable influence in the formation 
cf Bee Canyon, which is a short distance east of the Tejon Quadrangle. 
The break is visible at the base of the Martinez hills forming the 
northern rim of the basin of Sespe (?), and is marked by a crushed 
zone that in places is 200-300 feet wide, although generally narrower. 
This is easily followed because of the absence of all vegetation except- 
ing sage, whereas the unbroken rocks on either side support a heavy 
chaparral cover. The ridges show decided notches where crossed by 
the fault, and both breccia and slickensided surfaces are found. 
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The general strike of the fault is northeast, in many places N. 
75° E. For a short distance it changes to southeast. The attitude of 
the fault surface approaches the vertical, although because of slump- 
ing of the crushed material in the transverse canyons, no good section 
was found and no satisfactory dip observations could be made. Direc- 
tion of movement along the fault appears to have been relatively up- 
ward on the north side and downward on the south side, the fault 


being classed as normal. = 

It is the belief of the writer that neither the Bee Canyon fault _— 
nor the San Francisquito fault penetrates to great depths, the prob- a ee 
ability being that they meet beneath the Sespe (?). The Sespe, a 
deposited as a comparatively thin film in the basin between the Mar- - 


tinez on one side and the schists on the other, has been folded and 
compressed, but has acted as a unit. Thus the forces that brought 
about the folding of the Martinez and Mint Canyon beds appear to 
have folded the Sespe (?) also, but rather than folding into and with 
the other formations, the Sespe has been squeezed between the much 
more competent Martinez and schist, and forced to ride up on the 
latter and its overlying Mint Canyon beds, at the same time being 
forced down along the northern margin. It is difficult to explain other- 
wise the change in the San Francisquito fault from overthrust to nor- 
mal along its strike, and particularly the abrupt ending of both faults 
where they come together east of Elizabeth Lake Canyon. 

The exact time of activity of the Bee Canyon and San Francis- 
quito faults is difficult to fix. Since Mint Canyon beds are affected, 
the movement must have been no earlier than late Miocene. Terrace 
material capping the ridge between the San Francisquito and Charlie 
canyons has not been disturbed by the faulting; consequently an 
upper time limit of late Pleistocene is established. If the folding and 
thrusting of the Sespe (?) occurred at the same time as the already- 
mentioned upwarp athwart the general structural lines, then the time 
of movement along the two faults may be dated as probably post- 
Pliocene and pre-Pleistocene. 

Violin Canyon fault-—The Violin Canyon fault has been traced 
northwest from the south boundary of the quadrangle to the north- 
west corner of the area mapped, parallel with, and a short distance 
east of, the Palomas Canyon fault. It is clearly exposed in only a few 
places, the best localities for observation being where it crosses the 
lower end of Violin Canyon and in the vicinity of Oak Flat. In other 
places its location has been based largely on topographic evidence. 
The fault separates the coarse breccia that has been taken as the 
basal part of the Modelo on the western side of the Castaic basin 
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from the incompetent shales and sandstones that compose the upper 
part of the same formation. As pointed out before, this breccia may 
or may not be Modelo. The fault has been named from its obvious 
connection with the origin of Violin Canyon. 

The attitude of the fault surface is not greatly different from that 
of the beds on both sides, observations giving dips of 50°—60° NE. 
and a strike approximately northwest. The breccia shows little effect 
of the movement, but the weak shales have been dragged to vertical- 
ity and even overturned along the fault. These beds apparently have 
taken up some of the movement by slippage along their bedding 
planes. 

The fault is of the normal type with the older breccia on the up- 
thrown side. However, it appears that this fault, in spite of its normal 
character, was formed by compression, since it probably occurred 
contemporaneously with the Castaic syncline discussed later. The 
amount of throw as estimated from the thickness of beds missing on 
the west limb of the syncline is about 3,500 feet. 

Whitaker fault.—The Whitaker fault occurs in the Piru unit, sep- 
arating the granitic mass of which Whitaker Peak is the most promi- 
nent point from Tertiary sediments farther south and west. The fault 
surface is well exposed in Piru Canyon and in Canton Canyon, as 
well as in many of the smaller channels crossed. It dips steeply, vary- 
ing from 60° to 80° generally northeast, although a reversal of direc- 
tion was noted in one locality. 

Movement apparently has been relatively upward on the north- 
ern side, since all sediments have been stripped from the crystalline 
mass. This makes the fault of the high-angle reverse type with the 
granitic rocks riding up on the sediments. The resistant Martinez 
conglomerate is highly fractured adjacent to the fault; it has many 
slickensided surfaces, although only a very thin seam of gouge is pres- 
ent. The soft Domengine shales show great contortion, with some 
overturning of beds in the vicinity of Canton Canyon. 

The disturbance was later than Middle Eocene in time, since 
Domengine beds are affected. As Modelo and probably Temblor beds 
rest on the granite with a depositional contact, the movement must 
have been pre-Upper and possibly pre-Middle Miocene. At present 
it is impossible to date it closer. 

Other faults —Several smaller faults have been recorded, of which 
one in Fish Canyon is particularly interesting. This strikes N. 30° E. 
with a slight change in direction along its northern extent. The fault 
surface is practically vertical. Its trace is well marked by an alignment 
of topographic features, part of the north fork of Fish Canyon having 
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been determined by its presence. Some horizontal movement is indi- 
cated by the offsetting of basal beds of the Martinez along its strike, 
although the amount of offset is not more than 200-300 yards. The 
fault is obviously post-Martinez and is also pre-Clearwater, since it 
is not traceable across the Clearwater fault. Its offset southern ex- 
tension has not been found. 

Other faults of minor importance exist in Fish Canyon west of the 
one described, in upper Castaic Canyon, and also in the crystalline 
rocks of Elizabeth Lake and Canton canyons. Many of the massive 
beds of sedimentary rocks are crossed by numerous insignificant faults 
of slight displacement. 

FOLDS 


The major fold in the area is the Castaic syncline, the axis of which 
roughly parallels the southwestern margin of the Castaic unit. Mar- 
tinez and Modelo rocks dipping west form the long gently sloping 
eastern limb of the asymmetric fold, the western limb turning up 
abruptly against the Palomas Canyon fault. The Modelo shales show 
an extreme degree of contortion, readily visible in cuts along both the 
old and new Ridge Route. Where squeezed against the hard breccia 
along the western side, the shales and thin sandstone beds have been 
completely overturned and faulted. 

Kew, in his mapping farther south,® does not show a continuation 
of this syncline, and it seems probable that it swings around toward 
the northeast, its continuation being manifested in a smaller syncline 
between San Francisquito and Charlie canyons. This is suggested by 
the sinuous character of the smali anticline that crosses Castaic Creek 
a mile north of the quadrangle boundary, and from an original par- 
allelism with the Castaic syncline, swings toward the east and ap- 
parently is continued northeast by the anticline between Bitter Creek 
and Charlie Canyon. 

It will be noted from an inspection of the map (Fig. 1) that the 
deflection of the Castaic syncline as well as of the minor anticline is 
in line with the great southward swing of the Clearwater fault and 
with the less well marked but still distinct curvature of the two sedi- 
mentary contacts crossing Elizabeth Lake Canyon between. The only 
conclusion possible to reach from these observed facts is that a rather 
large transverse upwarp has developed athwart the general structural 
lines, affecting not only the Castaic unit but likewise a part of the Red 
Rock Mountain unit. This feature is of such magnitude that at no time 
has it been possible to see more than a hint of it in the field, but there 


° W. S. W. Kew, “Geology and Oil Resources of a Part of Los Angeles and Ventura 
Counties, California,” U.S. Geol. Survey Bull. 753 (1924). 
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can be no question as to its existence. The writer has named this 
the Elizabeth Lake Canyon upwarp. 

The most prominent fold in the Piru Creek region is the Agua 
Blanca overturn, the axis of which has not been indicated on the map. 
This first becomes visible just east of Canton Canyon and extends 
west for an unknown distance. Complete overturning of the beds in- 
volved is not found all along the structure, but where well exposed in 
Piru Canyon the beds very distinctly are overturned toward the south, 
and this seems to be the rule as far west as observation has been car- 
ried by the writer. Domengine, Sespe(?), Vaqueros, Temblor, and 
Modelo beds are affected by the overturn. In addition to the overturn- 
ing, there has been a certain amount of overthrust faulting, with 
Domengine and Sespe(?) beds pushed over Vaqueros, and the latter 
in turn perhaps thrust over Temblor. The overturn has been rendered 
somewhat more complex east of Piru Creek by smaller folds whose 
axial planes trend at oblique angles to that of the Agua Blanca fold. 

There are many minor folds in the southern part of the area. These 
are particularly prominent in the Modelo and Pico strata between 
Piru Creek and Palomas Canyon, and also west of the former. An 
attempt was made to map some of these, although they are considered 
to be of minor importance in the interpretation of structural history 
since they are closely related to the larger structures. Small, tightly 
appressed folds in the Sespe(?) of the San Francisquito Creek region 
give some clue to the deformation to which the formation as a whole 
has been subjected. 

Dips and strikes of the still visible bedding planes of the Pelona 
schists give evidence of a general anticlinal structure, complicated by 
minor folding. That flow cleavage had developed prior to the folding 
and not as a consequence of the forces causing the folding is indicated 
by the parallelism between flow cleavage and bedding planes, rather 
than between the cleavage and the axial plane of the fold. Jointing is 
well developed in the schists. 


STRUCTURAL HISTORY 


Broadly interpreted, the structural details just described tend to 
show that compressive forces have been active in this region for a vast 
period of time. Some of these forces have been static, as in the case of 
the development of flow cleavage in the schists parallel with the bed- 
ding. Largely, however, the forces have been dynamic, and partly, 
rotational in their application. This is indicated by the thrust faults 
and folds, and particularly by the horizontal movement along some 
of the faults as the result of shearing stresses. Though it is true that 
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tension causes normal faults, it is not necessarily true that all normal 
faults are caused by tension; therefore, some of the normal faults of 
the region are likewise the result of compression. 

It is difficult to say at what time the forces first became active. 
Doubtless there was uplift at the time of the intrusion of the Jurassic 
batholith, and it is possible that the anticline developed in the schists 
dates from this time. That there also must have been uplift at the end 
of the Mesozoic era is indicated by the great thickness of the Martinez 
conglomerate. 

The first activity of the forces that can be dated more closely 
than those previously mentioned came after the deposition of the 
Martinez and prior to Sespe(?) deposition, when the Red Rock Moun- 
tain unit was uplifted and partly denuded of Martinez sediments. 
The rather considerable remaining thickness of basal Martinez lying 
beneath the Sespe(?) suggests that the uplift was not great and was 
probably of the hinge type with decreasing displacement toward the 
northwest. 

Horizontal movement along the Clearwater fault took place 
after Sespe(?) time, but apparently before Modelo, since deposits 
of the latter age have not been displaced laterally. It is possible that 
uplift of the Piru unit was contemporaneous with this, judged from 
the postulated conditions of deposition of the breccia of supposed 
Modelo age adjacent to the Palomas Canyon fault. Probably move- 
ment along the Whitaker fault also occurred at this time. The marked 
unconformity at the base of the Temblor suggests that this period of 
diastrophism came between the Vaqueros and Temblor ages. 

Further compression resulted in the folding of the Modelo beds 
into the Castaic syncline and also resulted in the Agua Blanca over- 
turn, in which Modelo strata are considerably involved. The Violin 
Canyon fault was formed at this time. It can not be stated definitely 
whether this came before or after Pico deposition, since the overturn 
dies out farther east, but the Pico beds do not appear to have been 
affected. 

The last great period of compression also was marked by shearing 
stresses. It is apparent that the Castaic unit was unable to yield at 
this time by slipping along the bounding faults either horizontally or 
vertically, as it had hitherto done, and the rocks were folded into the 
Elizabeth Lake Canyon upwarp. The weak Sespe(?) strata in the 
shallow basin between the relatively strong Martinez and the un- 
yielding crystalline rocks were forced into tight folds and thrust over 
the Mint Canyon beds and the Pelona schists, dropping relative to 
the Martinez along the Bee Canyon fault. This period may have come 
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at the end of Pliocene time or during the Pleistocene. Since it is evi- 
dent that the Warm Spring branch of the Clearwater fault formed 
after the upwarp, and a very considerable amount of erosion has taken 
place along this fault since its formation, the earlier date for the up- 
warp seems more logical. This would date the last recorded movement 
along the Clearwater fault and its branch as either immediately fol- 
lowing the upwarp—that is, post-Pliocene and pre-Pleistocene—or as 
Middle Pleistocene, resulting perhaps from relaxation following the 
compression. 

General uplift of the region as a whole in late Pleistocene time is 
indicated by the terraces along the principal stream courses; at least 
three stages are evidenced by the three terrace levels. The tilting of 
the older gravels in the vicinity of the Palomas Canyon fault suggests 
some differential movement along this fault during one of the later 


stages of uplift. No disturbance of alluvium has been noted by the 
writer. 
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ABSTRACT 


After a brief discussion on the general stratigraphy of the state of Anzoategui, a 
reconstruction of geological events in the Anzoategui geosynclinal basin is attempted. 
Tentative conclusions are drawn from heavy-mineral work and are incorporated in the 
argument of geological history. Suppositions as to the present shape and present sedi- 
mentation of the geosyncline are then drawn from the results and interpretations of 
seismic work with which the writer was associated. Finally, field practice in seismometry 
is briefly discussed. 


INTRODUCTION 


Except for such data as fall naturally within R. A. Liddle’s com- 
prehensive work on Venezuela, little or nothing has been published 
on the geology of Anzoategui. This paucity of data is not due to lack 
of exploration, since more than one generation of geologists has made 
field studies of selected areas in the state. These studies have been 
undertaken with a view to evaluating concessions already held by 
companies, or with a view to the acquiring of other concessions with 
reasonable petroleum prospects. The nature of such work has in- 
variably made the results confidential, especially because there still 
remained considerable acreage for purchase. This condition no longer 
exists, for the major part of the state is already leased. It is therefore 
to be hoped that this paper will not only induce discussion, but that 
it will bring further and fuller contributions from those best qualified 
to write on the subject. 

The paper deals in restricted fashion with the stratigraphy and 
geology of Anzoategui. The role of heavy minerals in reconstructing 
the Anzoategui geosyncline is indicated, and geophysical studies in 
this connection are also discussed. 
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the field with V. C. Illing, not only in various districts of Venezuela 
but also in the Antilles. 


EXTENT OF ANZOATEGUI 


Anzoategui has an area of approximately 44,000 square kilometers. 
It is bounded on the north by the Caribbean Sea and on the south by 
the Orinoco River. Within this area, such geological phenomena as 
mountain-building, thrusting, release-faulting, folding, overlap, and 
buttress may be seen. 


| 
* 
4 
FALCON NUEVA PARTA 
Ne i suche 
x, 
ZAMORA Aaa... 
i 
BOLIVAR 
o : + 
<o * ; * 
/ i 


hd 


Fic. 1.—Outline map of states of Venezuela. 


STRATIGRAPHY 


Archean.—The Orinoco River in Anzoategui practically marks the 
north line of exposed granitic and gneissic material. It is generally 
accepted that this exposed mass is part of the great Brazilian shield 
of presumably Archean age, and that it has formed shore lines for 
successive series of sediments in the state of Anzoategui proper. 

Paleozoic.—A series of quartzites and semi-schistose material is 
sporadically exposed on the north bank of the Orinoco River. Because 
of their lithologic character, they have been correlated by geologists 
with somewhat better examined Paleozoic material in the Guayana 
highlands south of the Orinoco River. It may be assumed that this 
series was deposited in basins formed within the Archean material 
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previously mentioned. Further, it is assumed that within the state of 
Anzoategui, all but a few remnants were removed in the southern 
area during an erosion period which lasted throughout parts of the 
Paleozoic and Mesozoic eras. 

Lower Cretaceous.—In the northeastern corner of the state, sac- 
charoidal quartz sandstones appear in the coastal region. These are 
comparable with the Barranquin sandstones which Liddle has de- 
scribed as occurring in broad areas in the adjacent state of Monagas. 
The writer has seen few fossils within this lithological unit, but its 
field relations with other sediments render it probable that its age is 
Lower Cretaceous. 

Middle Cretaceous.—Near Bergantin, the writer has noticed fossili- 
ferous cherty limestones. These are entirely comparable, both in 
lithologic character and apparent fossil content, with the limestone 
seen at El] Cantil, Liddle’s type locality for the El Cantil limestone in 
the abjacent state of Monagas. Determinations of El Cantil fossils 
indicate Middle Cretaceous age, an identification which has been 
confirmed by others. 

Upper Cretaceous.—Various localities in the foothills of north- 
eastern Anzoategui show disturbed black shales with a few thin sand- 
stones lying above fossiliferous Middle Cretaceous limestones. Al- 
though the writer has made no fossil collections from these shales, 
their position in the main succession and their similarity to those he 
has seen at the Guayuta type locality farther east, render it probable 
that they are Upper Cretaceous in age. 

Cretaceous-Eocene transition.—Following detailed studies of Mona- 
gas type localities, Liddle advances the theory that an important un- 
conformity separates the Cretaceous and Eocene. The writer’s own 
studies have not been detailed, but they do not point to any obvious 
unconformity between the two periods. At many places in the foot- 
hills, there are apparent great thicknesses of shales that suggest an 
unchanged facies crossing the Cretaceous-Eocene time-line. A detailed 
attack on the problem might reveal the presence of organic remains in 
part of the shales comparable with those referred to the Paleocene 
period in Europe. From a structural point of view, the problem is 
rendered difficult and perhaps incapable of solution by minor faulting 
and crumpling of the shales themselves. 

Eocene.—The typical Eocene deposits both of this state and of 
others are massive ripple-marked sandstones of the quartzitic type 
together with interbedded shales or clays. Plant remains are numerous 
within the series but do not fix the age of the sandstones. Only where 
the facies is intermittently marine, or where a later stage is preserved, 
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Fic. 2.—Reconnaissance geological map of state of Anzoategui, Venezuela. 
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are marine fossils found here and there. Thus Liddle records the typi- 
cal Venericor (Venericardia) planicosta from a locality near Urica in 
Anzoategui. The writer has also found in this general vicinity, ma- 
terial with shell fragments and a few casts that suggest members of 
the Carditidae. 

Upper Eocene-Oligocene.—North of Clarines, within sight of the 
Caribbean Sea, interesting fossiliferous limestones are involved in 
thrust movements along a line of faulting which crosses the Unare 
River. The fossiliferous content of these limestones is mainly orbi- 
toidal, although the writer has attempted no preparation of sections 
from his own material. Lepidocyclina appears to be abundantly rep- 
resented, as judged from natural vertical sections in the hand- 
specimens; Tobler’s genus Helicolepidina is also reported to be in this 
locality. 

The association of such orbitoidal limestones with typical Eocene 
sandstones has led naturally to the belief that the limestones are late 
Eocene in age. Unfortunately, the paleontological evidence is not con- 
clusive. As the phylogeny of the sub-family Orbitoidinae is still prob- 
lematic, the stratigraphic conclusions drawn from it must be doubtful. 
Under actual field conditions, both near Clarines and at other locali- 
ties in central Venezuela, the structural relations of the orbitoidal 
limestones with other sediments are not clear. As thrust faulting is 
present at all these localities, the normal succession is obscured. From 
these considerations, and from the abrupt facies change which the 
orbitoidal limestones represent, the writer is inclined to regard them 
as belonging to the Oligocene rather than the Eocene period. 

Lower Micoene.—The writer knows with certainty only one local- 
ity in Anzoategui where Lower Miocene deposits crop out. These occur 
at a thrust Eocene-Miocene contact where foraminiferal clays are 
exposed under the thrust north of Piripire shown in Figure 2. Sands 
with a varied molluscan fauna are superimposed on these clays, and 
specific determinations of these mollusks may show them to be lower 
Middle Miocene, or Middle Miocene in age. 

Middle or upper Middle Miocene—molluscan Miocene.—The for- 
aminiferal Miocene just described is everywhere overlapped, except 
north of Piripire, by a shallow-water marine series. This series covers 
large continuous tracts in northern and central Anzoategui. Cross- 
bedding may be observed in many places in the series and repetitions 
of shale-conglomerate bands are also present. These shale conglomer- 
ates were presumably formed under quiescent conditions which per- 
mitted the washing of clay pellets into sands. The solution of calcare- 
ous materials from the sands themselves hardened the pellets, and 
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compaction smoothed them down to the common bedding planes. 
The result has been to give a typical speckled appearance to the shale 
conglomerates which is recognizable not only in Anzoategui. but also 
farther west in large tracts of the adjacent state of Guarico. The 
shale conglomerates and interbedded sandstones and clays are in 
many places fossiliferous. The fauna is generally molluscan and the 
writer would compare it broadly with genera and species from the 
type Middle Miocene beds of Bowden, Jamaica, British West Indies. 
The small Chione walli, Cerithium ormei, Fasciolaria semistriata, Arca 
trinitaria, and other forms of Antillean Middle Miocene deposits are 
present, if one may rely on comparison with figured specimens. The 
low dips recorded from these beds render it probable that less than 
1,000 feet of this molluscan Miocene is exposed despite its broad area 
of outcrop. 

Upper Miocene.—Near San Mateo, it is possible to notice the grad- 
ual upward transition of molluscan Miocene into beds of a less con- 
solidated type including massive soft sands and clays. Foraminifera 
were discovered in one of the clay beds by P. A. Spens and the writer, 
and determination of them showed a species of Haplophragmoides 
similar to specimens in the Upper Miocene of Trinidad. 

Elsewhere in Anzoategui, there are beds carrying plant remains 
whose positions suggest that they too are in the Upper Miocene. In 
most places, they are even less consolidated than the San Mateo beds 
and in some places they are distinguished by fine cross-bedding in 
loose silty deposits. 

A separate group of torrential sands and conglomerates together 
with interbedded clays occurs in hills situated between the Caribbean 
Sea and the broad outcrop of molluscan Miocene farther south. Steep 
dips have led certain geologists to propose Oligocene and even Eocene 
age for this group, but both the steep dips and apparent faults in 
these hills may be fictitious. It is possible that these sediments were 
poured into a basin which was being continually and slightly slip- 
faulted toward the south during deposition. The lack of consolidation 
of much of the series and the nature of the heavy minerals suggest 
that the period of deposition for these sediments was at least either 
late Miocene or perhaps partially in the Pliocene. Thus the mineral 
suites show an abundance of epidote, soda hornblende, and a few pink 
garnets. As discussed later, these are essentially later Tertiary res- 
idues, closely allied with residues from the molluscan Miocene except 
for the absence of glaucophane. It is even possible that these Miocene 
or Mio-Pliocene torrential sediments were partly derived from mollus- 
can Miocene with loss of glaucophane. 
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Post-Miocene.—South of the latest Miocenedeposits in Anzoategui, 
a thin series of gravels and clays appears. Cementation of the gravels 
by iron solutions in many places gives a pan-conglomerate in place of 
gravels, and these pan-conglomerates lie as protective caps above 
softer sands and clays. This series has no measurable dip, so that pan- 
protection in many places gives rise to extensive mesas called “‘llanos”’ 
in Venezuela. The beds which give typical “llanos” topography form 
only a thin veneer and have a maximum thickness of probably less 
than 300 feet. No fossils from these beds are yet known to the writer. 

Recent.—A deposit of loose sand overlies the “‘Ilanos” and in- 
creases gradually in thickness toward the Orinoco River. The nature 
of this sand deposit suggests that it is diluvial in origin, and that it was 
originally laid down by the Orinoco when the course of the river was 
farther north at the beginning of the present erosion cycle. At certain 
localities, these loose sands may be more than 1oo feet thick. 


GEOLOGY 


The geology of central and eastern Venezuela is the expression of 
orogenic movement on the one hand, and of buttress opposition on 
the other. The results of pressure or upheaval are seen invariably in 
the northern coastal ranges of such states as Guarico, Monagas, and 
Anzoategui itself. In a vertical sense, these upheavals have been im- 
pressive for they have been sufficient to raise mountain areas which 
in some places exceed 7,000 feet in height. In a lateral sense, stresses 
have not been intense when compared with those which elsewhere 
have resulted in extensive overriding—as in the Swiss Alps. The 
foothills of these mountain tracts show both metamorphism and 
thrusting; the metamorphism is definitely not advanced, and the 
thrusting appears to illustrate the high-angle type. South of the foot- 
hills, pressure-release seems to have taken place perhaps with normal 
faulting, and it is plausible to assume that decrease of pressure should 
be continuous in a southern sense. There is even ground for belief, that 
under the southern “llanos” cover, deformation of sediments is so 
slight as to be negligible. Structures exist under the “llanos” cover, 
but they may well be of entirely depositional origin with ancient 
nuclei beneath them. From an oil point of view, such structures may 
be preéminently promising, and wildcat operations attempting to 
define them have already shown gratifying results. 

Anzoategui conforms with the general north-south picture already 
given, but is interesting in certain structural modifications which it 
presents. As in the case of Monagas and Guarico, pressure is evolved 
in the north and resultant stresses are transmitted southward. In 
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addition however, oblique components are brought into play, both 
in the northeast and northwest corners of the state. In northeastern 
Anzoategui, structures behind the thrust show a tendency to plunge 
west and southwest. In northwestern Anzoategui, simple plunge 
toward the east has taken place in Oligocene fossiliferous limestones, 
possibly helped by small transverse faults. Thus, plunge in the west, 
supplemented by opposite plunge in the east, in the latter case with 
important thrust-faulting as an aid to depression, made a broad basin 
in northern Anzoategui. It was into this basin that the torrential 
deposits described as late Miocene or Mio-Pliocene were poured. This 
exceptional condition is reflected in the trace of the coast line which 
appears in Figure 2 as a broad indentation. A better idea of the sig- 
nificance of this indentation may be acquired from the state map of 
Venezuela (Fig. 1). 


ANZOATEGUI GEOSYNCLINE 


Between the northern foothills of Anzoategui and the southern 
igneous complex, lies a basin of sedimentation which has been suc- 
cessively filled and broadened from Middle Mesozoic time on. The 
assumed subsurface topography of the igneous complex as shown in 
Figure 3 must have been an achieved feature in pre-Paleozoic time, 
with mountain masses south of the present Orinoco River. Paleozoic 
sedimentation may therefore have involved transportation of material 
toward the north. A long positive period is then assumed to have 
ensued during which Paleozoic sediments were removed from the 
complex both in central and southern Anzoategui. This removed ma- 
terial was presumably deposited in Mesozoic seas which transgressed 
as far south as northern Anzoategui. Transport of material to these 
Mesozoic seas is again pictured as from south to north. 

Upheaval in the north and the reverse transportation of sediments 
must have begun in Mesozoic time. However, this reversal apparently 
was not important until after the beginning of the Tertiary era. The 
transportation of material for Eocene seas may have been in a bal- 
anced period when waters were supplied from the northern and south- 
ern land masses. At the close of Eocene time, however, the northern 
coastal regions were localities of important orogenic movements. 
Land masses in these areas may have been of considerable height in 
Oligocene time and the direction of transportation completely reversed 
—entirely from north to south. Later Tertiary seas were entirely 
dominated by these newly risen land masses and the sediments of 
such stages deposited in waters that were successively restricted as to 
their northern shore line. In antithesis to this northern restriction, 
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sediments spread freely along the southern coasts of the ancient com- 
plex. Continued sedimentation toward the south resulted in a gradual 
up-land ascent against the line of the ancient massif until the present 
Recent infilling against the Orinoco granites and gneisses was de- 
posited. 

In some respects, the foregoing reconstruction has been generalized, 
having certain aspects proper to the adjacent states rather than to 
Anzoategui. The tendency of Mesozoic and early Tertiary sediments 
to reciprocal plunge in northern Anzoategui has already been de- 
scribed. 

Drop-faulting and oblique thrusting may have accentuated this 
tendency with the result that a depression was formed with the maxi- 
mum depth either in late Miocene or Pliocene time. Thus though 
molluscan or Middle Miocene sediments were elsewhere a normal 
shore line north of the late Miocene seas, they must be pictured as 
having formed a peninsula in north-central Anzoategui. On the north- 
ern side of this peninsula, torrential deposition presumably took place 
with late-Miocene or Pliocene conglomerates, sands, and clays. The 
origin of these sediments is puzzling unless it is assumed that they are 
from a northern land mass now submerged under the Caribbean Sea. 
The dropping of land masses north of the Spanish Main under the 
present Caribbean Sea is frequently adduced as an isostatic adjust- 
ment consequent on late Tertiary upheavals on the Main itself. Such 
considerations however are more pertinent to geodesy than to ge- 
ology. 

The significance of heavy minerals in a reconstruction of the An- 
zoategui geosyncline is worthy of record. Elsewhere in Venezuela, 
Illing has made interesting deductions from examination of heavy 
minerals isolated from his reconnaissance hand specimens. In general, 
he shows simple mineral suites both for Cretaceous and Eocene as 
contrasted to richer and more varied suites for the later Tertiary 
period. For Cretaceous and Eocene, a simple mineral suite is recorded 
consisting largely of zircon, tourmaline, rutile, ilmenite, and a colorless 
garnet. Miocene and later rocks show a metamorphic suite including 
pink garnet, blue hornblende, staurolite, glaucophane, and stable 
minerals common to the older suites. 

In Anzoategui and in Guarico, the writer has recorded similar 
suites which bear out the distinction between Cretaceous and Eocene 
sediments on the one hand, and later Tertiary sediments on the other. 
The blue hornblende and the glaucophane previously mentioned are 
interesting minerals from a sedimentation point of view. Glaucophane 
has been recorded from the Miocene of Trinidad and of other coun- 
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tries, but its abundance in Venezuelan Miocene samples is striking. 
The mineral was known to exist in the complex massif of the Guayana 
highlands south of the Orinoco River, but the writer always found 
difficulty in accepting a transport of material from south to north in 
Miocene time. Illing has examined some chloritic schists from the 
northern coast range and has recorded glaucophane in the mineral 
residues. This is not entirely conclusive support for north-south trans- 
port, yet in view of Tertiary coastal orogeny it is significant. Similar 
support for north-south transport in Miocene time is to be obtained 
from the presence of blue hornblende in Miocene residues. In mollus- 
can Miocene and in later Miocene residues, the writer finds an am- 
phibole with distinctive blue-green pleochroism. The habit is tabular 
and almost micaceous and fine biaxial positive figures are obtained. 
An independent observer has since reported the finding of a blue- 
green soda hornblende in the complex of an active orogenic belt situ- 
ated in the coast ranges of central Venezuela. The source of blue 
hornblende is therefore indicated as being in the north. In the mollus- 
can Miocene particularly, the suites are characterized by a predomi- 
nance of epidote and glaucophane. Epidote is a somewhat ubiquitous 
mineral and may also be authigenic in origin. Nevertheless, epidote is 
known in the northern schists and may be a further indicator of 
north-south transport in Miocene time. : 

The inference of these studies is, that Cretaceous and Eocene seas 
received sediments either from an igneous complex farther south, or 
from earlier sediments above that igneous complex, one or the other of 
which may have existed as southern land masses. 

Increase or culmination of orogeny in Oligocene time may then 
have raised land masses which dominated in the north and reversed 
drainage. The mode of origin of these raised masses favored the forma- 
tion of metamorphic minerals which were carried southward by later 
Tertiary drainage to enrich the mineral content of post-Eocene sedi- 
ments. 


GEOPHYSICAL INVESTIGATIONS IN ANZOATEGUI GEOSYNCLINE 


The conception of a subsurface buttress of complex igneous com- 
position under the “llanos’”’ of southern Anzoategui has been freely 
put forward in preceding paragraphs. This conception is based mainly 
on personal interpretation of geophysical results which the writer 
has studied. The investigations which gave such results were exclu- 
sively seismic methods, both refraction and reflection seismometry 
having been employed. 

The refraction seismic method proved exceedingly valuable in the 
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information it gave as to the velocity of certain waves in given media. 
Plotting of routine time-distance curves invariably showed a marked 
change of gradient between a layer of maximum wave velocity and an 
overlying layer usually of considerably less velocity. The maximum 
wave velocity varied between 17,000 and 20,000 feet per second, the 
medium in which it occurred being generally described as the high- 
speed bed or basement. Velocities decreased with increasing distance 
above the basement, and the more pronounced changes of gradient 
in the time-distance curve above the basement were taken as the loci 
of formation boundaries above the basement. Interpretations of such 
formation boundaries may have been somewhat arbitrary since it 
would not have been difficult to interpret a smooth curve for loci 
above the basement. Such a smooth curve would be anticipated were 
there a single formation of uniform lithologic features and naturally 
increasing density of compaction lying above the basement. 

A limitation of the refraction method was encountered when in- 
vestigations were carried farther out into the main basin of sedimenta- 
tion. Depths to the basement increased, until at an assumed basement 
depth of 8,000 feet it was necessary to have the farthest receiver ap- 
proximately 30,000 feet from the shot-point. Discounting the cost 
for increased dynamite consumption, energy dispersion was notable 
over these long wave paths and exact identification of the high-speed 
or basement wave could not always be exact. 

In contradistinction to this limitation of the refraction method, 
reflection seismography over the same ground showed that depth of 
penetration to at least 12,000 feet was no great difficulty in field prac- 
tice. Since the receiver was near or comparatively near the point of 
explosion, the total wave path for a depth of 8,000 feet was little more 
than 16,000 feet. For a similar depth in refraction the total wave path 
of the high-speed wave would be about 46,000 feet. Actually, the re- 
flection method sometimes. showed itself sensitive to surface condi- 
tions in field practice. In territory where the sandstones and clays of 
the molluscan Miocene were at the surface, energy conditions were 
uniformly excellent and reflection traces of high quality were obtained 
from large areas. In territory where higher ground preserved either the 
diluvial sands of the present Orinoco River cycle or thicker Pliocene(?) 
terraces of “llanos”’ territory, dissipation of energy and loss of pene- 
tration were frequent. For reconnaissance work, it was possible to 
avoid such losses by planning traverses along valleys, but for detailed 
work, the drilling of shot-holes perhaps to 200 feet might be necessary 
to overcome the effects of the so-called “weathered zone.” 

The immense value of the reflection method is its ability to carry 
quick point-to-point correlation at as close distances as the particular 
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program may require. According to the conditions of sedimentation 
at a particular point, the correlation may be carried for as many as 
seven or eight horizons at once. In fact, the reflection seismogram 
may be regarded as the geophysical equivalent of a rough well log for 
each shot location. 

In contrast to refraction seismometry, outstanding reflections 
were not necessarily obtained from a surface at which two rock types 
of sharply differing density were in contact. Thus the sharp changes 
of gradient in the time-distance graph of refraction shooting were by 
no means reproduced sharply on reflection seismograms. Presumably, 
these differences were partly due to the difference in wave types which 
the two systems measured. In this connection, it appears that reflected 
traces are more or less the record of sharp phase changes experienced 
by the wave train, and perhaps of some little understood type of wave 
interference. More recently, studies of reflection traces in areas of 
known subsurface detailed geology indicate that the sharpest reflec- 
tions are obtained where certain repetitions of lithologic features set 
up satisfactory rhythms. 

In southern Anzoategui, the basement did not everywhere give 
sharp reflections, but its general homogeneity over restricted areas 
could usually be recognized, and good correlation was made in the un- 
consolidated higher formations. 

A general decrease of tectonic stress has already been indicated 
from north to south in the state of Anzoategui. Apparent structures 
under the southern “‘llanos” are so gentle, and their relation to the 
assumed basement so uniform that they may well be entirely deposi- 
tional in origin, spread above and around ancient anomalies in the 
basement. It is precisely under these conditions of gentle structure or 
of deposition that the reflection method is so valuable an exploratory 
agent. The writer has had no experience with the method in areas of 
controlled subsurface geology, but it is probable that the physics in- 
volved in reflection practice tends to smooth the geological picture. 
In unconsolidated sediments of low dip or of depositional dip, uncon- 
formities are likely to be overlooked, since it has already been pred- 
icated that sharp reflection was not necessarily a function of sharp 
density change. 

Knowledge of the two seismic systems leads to the opinion that a 
comprehensive survey of large areas should include both methods. 
Refraction leading lines should be laid out for information as to den- 
sity and velocity of the systems below the surface. Check reflection 
lines should then follow, together with reflection detail where the re- 
sults are suggestive. 
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PHYSICAL CHARACTERISTICS OF BARTLESVILLE AND 
BURBANK SANDS IN NORTHEASTERN OKLAHOMA 
AND SOUTHEASTERN KANSAS! 


CONSTANCE LEATHEROCK? 
Tulsa, Oklahoma 


ABSTRACT 


The Bartlesville and Burbank sands, which occur in the Cherokee shale of the 
Pennsylvanian series, are composed of quartz grains loosely cemented with a mixture 
of magnesium, iron, and calcium carbonate, and locally by silica, dolomite, or calcite. 
The sand commonly contains new quartz growth. Aside from quartz the sand contains 
}-2 per cent, commonly 1 per cent mica, traces of feldspars, zircon, chlorite, glauconite, 
hornblende, rutile, magnetite, pyrite, and epidote, 10-20 per cent detrital rock frag- 
ments (chert, shale, and schist), and a trace to 1o per cent of carbonaceous material. 
Locally, as much as 50 per cent of the sand grains are composed of altered magnetite. 
Marine fossils were found in the sands and also in thin limestone and shale beds within 
and immediately above and below the sands. 

The sands in most localities are predominantly fine-grained, but locally have a large 
content of medium and coarse grains and a trace of very coarse grains. The sand in most 
localities contains 10 per cent silt and clay, but locally the fraction ranges from 5 to 40 
per cent. Most of the medium-grained sand and essentially all the finer grains are 
angular to sub-angular; locally, one-third of the medium grains and, in all localities 
where present, most of the coarse and very coarse grains are sub-rounded to rounded. 

The Bartlesville and Burbank sands are so similar in composition and physical 
characteristics that they can not be differentiated with certainty although certain 
differences can be distinguished in sands from two or more specific localities. 


INTRODUCTION 


More than a year has been spent in a microscopic study of the 
Bartlesville and Burbank sands in Osage and Kay counties, and a 
few localities east of Osage County, in Washington and Nowata 
counties, Oklahoma, and in Greenwood, Butler, and Cowley counties, 
Kansas (Fig. 1). Most of the work was done on the sands in Osage 
County. Cuttings from approximately 700 wells were examined. 
Cores from the sand in the Madison, Edwards Extension, and Quincy 
fields in Greenwood County, the Haverhill field in Butler County, and 
the Rainbow Bend field in Cowley County, Kansas, and the Bur- 
bank, South Burbank, Pershing, and Avant fields in Osage County, 
and Coodys Bluff, Delaware, Childers, and Alluwe fields in Nowata 
County, Oklahoma, were examined. 

1 Read before Division of Paleontology and Mineralogy at Tulsa, March 20, 1936. 


Manuscript received, November 3, 1936. Published by permission of the director of 
United States Geological Survey. 


2 Tide Water Associated Oil Company; formerly with United States Geological 
Survey, Tulsa, Oklahoma. 
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Fic. 1.—Map showing part of region in Oklahoma and Kansas, which contains 
Bartlesville and Burbank sands. 
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The study included the examination of outcrop samples from the 
Moberly, Warrensburg,’ and Aurora‘ channel sandstones of Missouri, 
which have been described as sand-filled stream channels of Pennsyl- 
vanian age, and the Bluejacket sandstone in southeastern Kansas and 
northeastern Oklahoma, which is equivalent to a part of the Bartles- 
ville sand.® 

Samples of beach sands from the barrier beaches of Virginia and 
from the Pleistocene beaches in the vicinity of the Dismal Swamp of 
Virginia were examined microscopically and comparisons were made 
with samples of the channel sandstones of Missouri and well samples 
of the Bartlesville and Burbank sands in Kansas and Oklahoma. Ap- 
proximately 150 thin sections of the sands were made from cores of 
producing wells and from outcrop samples. These were studied with 
a petrographic microscope. 

The studies conducted by the members of the United States 
Geological Survey party with whom the writer collaborated indicate 
that the Bartlesville and Burbank sands were deposited as offshore 
bars, also called barrier beaches, on the western shore of the Cherokee 
sea which occupied much of northeastern Oklahoma and eastern 
Kansas. The microscopic study furnished important data that con- 
tributed to these conclusions. However, this paper describes only the 
characteristics of the sands; their origin is discussed in a separate 
paper by several members of the party.® 

The combined work of the members of the United States Geological 
Survey party established to their satisfaction the facts that the Bartles- 
ville sand is older and stratigraphically lower than the Burbank sand, 
that the Kansas shoestring sands of Greenwood, Butler, and Cowley 
counties are of approximately the same age as the Burbank, South 
Burbank, and Naval Reserve sands, and that the Red Fork sand of 
southern Osage County is approximately equivalent to the Burbank 


3 Arthur Winslow, ‘The Higginsville Sheet,’ Bull. Missouri Geol. Survey, Vol. 9 
(1896), pp. 45-54. 

C. F. Marbut, “Geological Description of the Calhoun Sheet,’’ Missouri Geol. 
Survey, Vol. 12, Pt. 2 (1898), pp. 158-590. 

Henry Hinds and F. C. Greene, ‘“The Stratigraphy of the Pennsylvanian Series in 
Missouri,” Missouri Bur. Geol. and Mines, Vol. 13, 2d Ser. (1915), pp. 95-96. 


4 E. M. Shepard, “Report on Green County, Missouri,” Missouri Geol. Survey, 
Vol. 12 (1898), pp. 127-39. 

R. B. Rutledge, ‘“‘Geology of Lawrence County, Missouri,” Missouri Bur. Geol. 
and Mines, unpublished manuscript. 


5 L. C. Snider, Petroleum and Natural Gas in Oklahoma, Harlow-Ratliff Company, 
Oklahoma City, Oklahoma (1913), p. 46. 


6 N. W. Bass, Constance Leatherock, W. R. Dillard, and L. E. Kennedy, “Origin 
and Distribution of the Bartlesville and Burbank Shoestring Oil Sands in Parts of 
Oklahoma and Kansas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 21, No. 1 (January, 
1937), PP. 30-66. 
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Fic. 2A.—Photomicrograph of thin section from core of Bartlesville sand taken 
from “break” in sand at depth of about 1,650 feet in W. C. McBride, Inc., well No. 52 
in NE. } of Sec. 18, T. 23 N., R. 12 E., Avant oil field, Oklahoma. Light bands are silt 
and black bands are silty carbonaceous shale. White lines } inch or less long are mica 
flakes. (Magnified 25 times; crossed nicols.) 


Fic. 2B.—Photomicrograph of thin section from core of Bartlesville sand taken at 
depth of 631} feet in Sinclair Prairie Oil Co.’s Viola Buragarner No. 15 well in NE. } of 
Sec. 2, T. 26 N., R. 16 E., Nowata County, Oklahoma. Shows siderite concretions in silt 
= centers can not be distinguished in photograph. (Magnified 25 times; 

irect light. 


Fic. 3A.—Photomicrograph of thin section made from core of Bartlesville sand taken 
at depth of 1,536-1,540 feet in W. C. McBride, Inc., well No. 54 in NW. 3 of Sec. 17, T. 2 
N., R. 12 E., Avant oil field, Osage County, Oklahoma. Most sand grains are of fine an 
medium sizes, angular and sub-angular shapes. Medium-size grain of feldspar occurs about 
} inch below upper left corner of photograph. (Magnified 25 times; crossed nicols.) 


Fic. 3B.—Photomicrograph of thin section made from core of Burbank sand taken at 
depth of 3,065 feet in Phillips Petroleum Co.’s Rhoads No. 6 well, Sec. 9, T. 27 N., R. 5 E., 
Burbank oil field, Kay County, Oklahoma. Sand is well sorted, mostly of fine and very fine 
sizes, and angular and sub-angular shapes. Grains of chert and rock particles other than 
quartz show as speckled grains. Fairly large stippled area near center of upper right quar- 
ter of photograph represents ferrous magnesium calcium carbonate cement. (Magnified 25 
times; crossed nicols.) 
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sand. Therefore, the writer refers to the sand bodies in eastern Osage 
County and Washington and Nowata counties, Oklahoma, as Bartles- 
ville, and the sand bodies in western Osage and Kay counties, Okla- 
homa, and Cowley, Butler, and Greenwood counties, Kansas, as 
Burbank. 

REGIONAL CHARACTERISTICS OF SANDS 


Cores of the Burbank and Bartlesville sands show that they range 
from massive beds to finely laminated layers. In the finely laminated 
parts of the cores the quartz, mica, other minerals, and carbonaceous 
material are segregated into fine laminae that are sharply defined 
(Fig. 2A). In some cores the iron-magnesium-calcium carbonate is 
also segregated in fine laminae. In some cores the bedding appears to 
be horizontal while cross-bedding is shown in others. 

Regionally, the Bartlesville and Burbank sands are remarkably 
uniform in both composition and texture despite the fact that they 
are characteristically lenticular. The two sands are so similar in com- 
position and physical character that the writer is unable to differen- 
tiate them with certainty although certain differences are discernible 
when comparing sands from two or more specific localities. However, 
the differences in the Bartlesville sand at two localities in eastern 
Osage County where no Burbank sand occurs are commonly as great 
as the differences between the Bartlesville sand from a specific locality 
in eastern Osage County and the Burbank sand from western Osage 
County. Furthermore, differences in texture and even in composition 
of the sand in different parts of a large oil field are as great as differ- 
ences found between two sand bodies in widely separated localities. 
Nevertheless, in certain fields the sand is sufficiently distinctive in 
composition and physical character to distinguish it from the sand in 
another field in the same general region. For instance, the Bartlesville 
sand in the Avant field, in eastern Osage County (Fig. 3A), has several 
features which distinguish it readily from the Burbank sand in the 
South Burbank or Burbank fields. The sand in the Avant field is 
coarser-grained, the grains are not so angular, they show a higher 
percentage of secondary enlargement, and the sand in general is more 
friable than that in the Burbank (Fig. 3B) or South Burbank fields. 

The Burbank sand in the Madison field (Fig. 4B) in Greenwood 
County, Kansas, is finer-grained, contains a higher percentage of silt 
and is less well sorted than the Burbank sand in the Rainbow Bend 
field (Fig. 5B) of western Cowley County. Likewise the Burbank sand 
in most of the fields in Greenwood County, Kansas, is finer-grained 
than the Burbank and Bartlesville sands of most of the fields of Osage 
County, Oklahoma, with the notable exception of the Naval Reserve 
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Fic. 4A.—Photomicrograph of thin section made from core of “Second Wilcox” sand from 
well in Oklahoma City field, Oklahoma, showing mostly medium size, rounded and sub- 
rounded quartz grains. Almost all sand grains are quartz. (Magnified 25 times; crossed nicols.) 


Fic. 4B.—Photomicrograph of thin section from core of Burbank sand taken at depth of 
1,846 feet in Empire Oil and Refining Co.’s Kipfer No. 14 well in Sec. 14, T. 22 S., R. 11 E., 
Madison oil field, Greenwood County, Kansas. Shows predominantly very fine, angular and 
sub-angular sand grains. Thin bed of black carbonaceous silt crosses lower half of photograph. 
Striped grain near middle of left half of photograph is grain of feldspar. (Magnified 25 times; 
crossed nicols.) 
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oil field where the Burbank sand is as fine-grained as that in any of 
the Greenwood County fields. The Greenwood County sands have a 
higher content of silt, clay, and siliceous and carbonate bond, and a 
higher percentage of secondary enlargement of the quartz grains 
than the Osage County sands. On the other hand, the Burbank sand 
of the Quincy field (Fig. 6A) in northeastern Greenwood County is 
locally composed of coarse, sub-rounded, and rounded grains, and, in 
fact, grains of this kind are more abundant here than in any other 
locality examined. 

In general, the Bartlesville sand in eastern Osage County has 
coarser and less angular grains (Fig. 3A) than the typical sand of the 
Burbank (Fig. 3B) and South Burbank fields in Osage County or than 
the sands in Cowley County, Kansas (Fig. 5B). Parts of the sand 
body in the Naval Reserve field are in general unlike any of the other 
sand bodies in that they consist in the main of very fine-grained sand 
with which is mixed an abnormally high percentage of silt—as much 
as 25-30 per cent in the productive part. The examination of samples 
shows that in general the Bartlesville and Burbank sands outside the 
oil fields are decidedly finer and more angular, and have a higher silt 
content than the sands within the fields. 

To throw light on the origin of the Bartlesville and Burbank 
sands, samples from certain outcropping channel sandstones and pres- 
ent-day beach sands were examined. In general, the Missouri channel 
sandstones (Fig. 6B) are less well sorted than the Bartlesville and 
Burbank sands from southeastern Kansas and northeastern Okla- 
homa. The coarser grains are more angular; the sands contain a lower 
percentage of detrital rock fragments such as schist, shale, and chert. 

Samples of sand taken from the wall of a water well in a Pleisto- 
cene beach immediately west of Dismal Swamp, Virginia, about 40 
feet above the present sea-level, and samples from tidal inlet cut 
banks in recently formed beaches at Cape Charles and Cape Henry, 
Virginia, are in general similar in degree of sorting and grain shapes to 
the Burbank and Bartlesville sands. These beach sands, although 
generally coarser-grained than the oil sands, are laminated much like 
the Bartlesville and Burbank sands, and, moreover, the beach sands 
contain shell fragments, carbonaceous material, carbonized plant 
fragments, feldspar, and approximately the same content of mica as 
do the Bartlesville and Burbank sands. Locally, the beach sands have 
a high content of magnetite which is concentrated in thin laminae. 
The Bartlesville and Burbank sands contain minute concretions (Fig. 
2B) which are composed of siderite with magnetite centers. These 
concretions, like the magnetite in beach sands, are locally abundant 
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in certain layers and the writer believes that they were originally 
magnetite sand grains, similar to the magnetite sand which occurs in 
present-day beaches, but subsequent to deposition were partially al- 
tered to siderite. 

Clay balls and rounded chunks of the same material as that which 
comprises the adjacent marsh muck occur locally in the beach sands. 
Boulders of shale, most of which are rounded to sub-rounded, were 
found in the Burbank sand in a core from the Pershing field, in 
samples from the Kasishke, Kennedy No. 11 well in Sec. 16, T. 24 N., 
R. 7 E., in the Naval Reserve oil field, and in the so-called Bluejacket 
sandstone at an outcrop near Columbus in southeastern Kansas.’ 

The results of the examination of samples and cores of the Bartles- 
ville and Burbank sands within and outside the oil producing areas, 
and the producing and non-producing zones within the oil-bearing 
sand bodies, show that physical properties of the sand, such as the 
size, distribution of the grains, and the content of silt and clay, are 
important factors controlling the yield of petroleum from these sands. 

Fossils are very rare in the sand and a careful search was made 
for the few that were found. Indeterminate shell fragments were 
found in the sand; and spines, bryozoans, fusulinidae, other fora- 
minifera, ostracods, indeterminate shell fragments, conodonts, and 
plant material were found in thin limestone beds within the sand, in 
shale beds within, and immediately above and below the sand. Lime- 
stone beds that immediately overlie the Bartlesville and Burbank 
sands in many localities contain fossils in abundance. These fossils 
establish the marine origin of the Bartlesville and Burbank sands. The 
only plant fragments that were identified with certainty were frag- 
ments of Cordaites leaves and stems. Charles B. Read, paleobotanist 
of the United States Geological Survey, who identified the plant frag- 
ments, stated that the Cordaites genus was probably a land plant 
which grew adjacent to fresh water swamps, but that there is evidence 
in the material indicating that these plants were killed by saline 
waters. 

COMPOSITION 


The Bartlesville and Burbank sands are composed largely of 
quartz that is in most localities loosely cemented with a mixture of 
magnesium, iron, and calcium carbonate. The term magnesium sider- 
ite or ferrous magnesium calcium carbonate probably fitly describes 
the cement in most localities. Locally, the sand is cemented with 
silica, dolomite, and calcite, and the prevalence of new quartz growth 
suggests that silica forms at least a part of the cement in many parts 


7 W. G. Pierce, U. S. Geological Survey, called the writer’s attention to the occur- 
rence of the boulders in Kansas. 


Atte 
4 
Te 
iy Ae 
i 
a 
4 
> 
x 
4 
— 
1 
4 
| 
q 


Fic. 5A.—Photomicrograph of thin section of Bluejacket sandstone exposed on Brush 
Creek, 2 miles southeast of Columbus, Kansas. Sand is composed largely of fine and very fine, 
angular and sub-angular grains. (Magnified 25 times; crossed nicols.) 


Fic. 5B.—Photomicrograph of thin section from core of Burbank sand taken at depth 
of 3,268 feet in Barnsdall Oil Co.’s Johnson No. 1 well in SE. } Sec. 20, T. 33 S., R. 3 E., 
Rainbow Bend oil field, Cowley County, Kansas. Most of sand is fine and very fine, angular 
and sub-angular, and well sorted. (Magnified 25 times; crossed nicols.) 
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Fic. 6A.—Photomicrograph of thin section from core of Burbank sand from Empire Oil 
and Refining Co.’s Kolb No. 1 well in Sec. 15, T. 25 S., R. 13 E., Quincy oil field, Greenwood 
County, Kansas. Rounded and sub-rounded, coarse sand. Irregularly shaped white areas show 
siliceous cement. Many quartz grains show secondary enlargement which gives margins of 
grains an irregular outline; dark line inside margin of grain in center of photograph shows in- 
clusions marking boundary of original grain. (Magnified 25 times; crossed nicols.) 


Fic. 6B.—Photomicrograph of thin section of Moberly channel sandstone from Miami 
quarry, Missouri. Shows poorly sorted angular and sub-angular grains, which range from clay 
particles to coarse sand. Sand has fairly small content of rock fragments (speckled grains) 
other than quartz. (Magnified 25 times; crossed nicols.) 
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of the region. Aside from the quartz the sand contains a small amount, 
3-2 per cent, commonly approximately 1 per cent mica—muscovite 
and biotite. 

Traces of feldspar in very fine grains (Figs. 3A and 4B) are present 
in all localities from which thin sections of the sand were studied and 
it appears reasonable to conclude that at least a trace of feldspar is 
present in the sand everywhere in the region. Traces of minerals, such 
as zircon, chlorite, glauconite, hornblende, rutile, magnetite, pyrite, 
and epidote, and 10-20 per cent detrital rock fragments (chert, shale 
and schist), were seen in the thin sections by the aid of the petrographic 
microscope, but the ordinary examination of cuttings with the binocu- 
lar microscope did not reveal them. The abundance of rock particles 
other than quartz in these sands is one of several features which dis- 
tinguish them from other oil-bearing sands such as the ‘Wilcox’ 
sands in the Simpson group of Ordovician age, one of which is shown 
in Figure 4A. The Bartlesville and Burbank sands everywhere contain 
a trace to 10 per cent of black shiny grains of carbonaceous material 
that may be coal or asphalt or merely particles of carbonized plant 
fragments. Some of the carbonaceous particles seen in cores showed 
definite plant structure. 

PHYSICAL CHARACTERS 


The Bartlesville and Burbank sands are almost everywhere pre- 
dominantly fine-grained; that is, the grains range in size from } to } 
millimeter in diameter. In all the writer’s size descriptions, except 
that for the silt and clay particles which she included in one class, 
she has used the classification of C. K. Wentworth® which is as follows. 


Size in 
Millimeters 
3 


In many localities three-fourths of the sand grains in the Bartles- 
ville and Burbank sands fall into two classes—fine and very fine 
(Figs. 3B, 4B, 5A, and 5B)—and these two size classes may be said to 
characterize these sands. Locally, however, they have a larger content 
of medium and coarse grains, and even a trace of very coarse grains. 
For example, the sand of the Avant pool (Fig. 3A) in eastern Osage 


8 C. K. Wentworth, “‘Grade and Class Terms for Clastic Sediments,” Jour. Geol., 
Vol. 30 (1922), pp. 377-92. 
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County and that of a few other localities in southeastern Osage County 
is composed predominantly of medium sand grains. Locally, in the 
main Burbank field the sand contains as much as 30 per cent medium 
grains. In the vicinity of Nowata in the Chelsea field in Nowata 
County the sand is considerably finer than that of the Avant field but 
coarser than that in southeastern Osage County. The Bluejacket 
sandstone on the outcrop (Fig. 5A), like most of the Bartlesville and 
Burbank sands, is composed predominantly of fine and very fine 
grains. In most localities the Bluejacket sand contains approximately 
10 per cent silt and clay, but in some localities it is cleaner than this. 
Much of the sand in the Burbank and South Burbank fields contains 
only about 5 per cent silt and clay but that in the Naval Reserve field 
and many of the sand bodies of Greenwood and Butler counties, 
Kansas, contain 20-40 per cent silt and clay. The content of silt and 
clay in the Bluejacket sandstone on the outcrop is approximately 10 
per cent. 

Throughout the entire region the fine, very fine, and most of the 
medium sand grains are sub-angular to angular. Wherever present 
the coarse and very coarse sand is sub-rounded to rounded. Approxi- 
mately 30 per cent of the medium sand is sub-rounded. For instance, 
the sand grains in the Avant field which contains coarser sand than is 
found in most localities in Osage County are much more rounded than 
the sand in other localities. Most of the sand in the Quincy field (Fig. 
6A) of Greenwood County, Kansas, which is composed predominantly 
of medium, coarse,and very coarse grains, is sub-rounded and rounded, 
and the surfaces of the grains have been etched, giving them the 
appearance of having a thick, frosted coating. In many of the samples 
containing coarse sand it is difficult to determine the shapes of the 
grains from the cuttings because of the prevalence of new quartz 
growth which produces sharp angles and sharply irregular surfaces. 
However, in thin sections the outlines of the original grains are plainly 
visible and are marked by dark lines of inclusions (Fig. 6A). 
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METHOD OF IMPREGNATING POROUS MATERIALS TO 
FACILITATE PORE STUDIES! 


ALLEN W. WALDO? anp S. T. YUSTER? 
State College, Pennsylvania 


ABSTRACT 


An efficient method for the impregnation of porous materials, particularly of low 
permeabilities, for the purpose of studying the pore system is described. A brief review 
of previous methods is given, as well as a description of the proposed method and 
apparatus. 


In brief, the method consists of evacuating the air from a clean, dry specimen at 
room temperature, immersing it in molten balsam, to which an oil-soluble dye has 
been added, and then forcing that balsam into the evacuated pores under pressure. 

The equipment is very simple and inexpensive. It requires only an air-tight cyl- 
inder, a means of evacuating it, a method of later applying pressure within it, and a 
heating unit which will melt the balsam at the proper time. 

The pores, as they appear in the resulting sections, are impregnated with the 
brilliantly dyed balsam, so that a complete study of their size, shape, number, inter- 
connections, and distribution is possible. 


INTRODUCTION 


The writers, in their various studies of the Pennsylvania oil sands, 
have found it essential to make a comprehensive study of the pores. 
Such a study necessitates the observation of the size, shape, and per- 
centage of pore spaces, their distribution and interconnection, and 
the proportion of the various sizes. In order to accomplish this, it is 
necessary to impregnate the samples with a material which will show 
the pore outlines in thin section. Such a material should have a low 
viscosity and surface tension during impregnation; it should be stable 
at high temperatures, hard at room temperatures, readily distin- 
guishable from the minerals in thin sections, easily ground during 
sectioning, hard enough to prevent inclosure of grains of an abrasive, 
and yet tough enough to eliminate chipping from the pores during 
grinding. It is also desirable to be able to impregnate several specimens 
at a time, and to use materials and equipment which are relatively 
cheap. The methods of impregnation known to the writers and pre- 
viously used by them did not meet the above requirements to a satis- 
factory degree, and since reference to the literature disclosed no tech- 
nique which seemed better, the method here described was developed. 


1 Published by permission of A. W. Gauger, director of research, Mineral Industries 
Experiment Station, The Pennsylvania State College. Manuscript received, October 
13, 1936. 


2 The Pennsylvania State College. 
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The difficulty of securing perfect impregnations is enhanced in the 
case of the writers by the extreme “tightness” of the sands which 
they are studying. 

It may be well to add here that this method can be applied, with 
equally good results, to the preparation of thin sections of ceramic 
products where it is desirable to study the pores. One of the writers 
has made numerous sections of bricks, using this method successfully. 
The filler acts both as bonding material and as a pore indicator. 


PREVIOUS METHODS 


The writers have used the method developed by Head’ for making 
briquets of ore minerals. Bakelite resinoid, used at temperatures suf- 
ficiently high to cause melting, is forced into the pores of the specimen 
with pressure furnished by a hydraulic jack capable of producing a 
pressure of 7 tons. The difficulties connected with this method are 
manifold. A maximum of only 2 or 3 specimens at a time can be run 
in the equipment as designed. The resinoid is very viscous even when 
melted, and decomposes, with the liberation of ammonia, producing 
a volume change. It becomes more viscous with the passage of time, 
and soon ceases to flow. It is often difficult to distinguish it from limo- 
nite, or yellow and yellow-stained minerals. If cooked for a sufficiently 
long time, it becomes a darker brown and looks much like biotite in 
clayey, fine-grained sands. 

Ross,‘ Leggette,> and Burgener and Lewis® have used bakelite 
varnish, usually C.V. 1305, for impregnation. The viscosity of the 
varnish is varied as desired by the addition of suitable solvents, which 
must later be driven off. Ross accomplisned his impregnation at at- 
mospheric pressure, depending on capillary forces and the ability of 
the material to wet the mineral surfaces. Under such conditions the 
smaller pores may fail to become impregnated, although it may be 
possible to secure a bond sufficient to permit easy sectioning. Leggette 
used a desiccator connected to a pump and produced a partial vacuum. 
Since his material is immersed in the bakelite varnish before being 
placed in the desiccator, the air must be forced to bubble out through 
the varnish, which causes frothing and prevents as complete an ex- 
traction of air from the pores as might otherwise be obtained. Bur- 

*R. E. Head and Morris Slavin, “A New Development in the Preparation of 
Briquetted Mineral Grains,” Utah Eng. Exper. Sta. Tech. Paper ro (1930). 


‘ Clarence S. Ross, ‘“‘Methods of Preparation of Sedimentary Materials for Study,” 
Econ. Geol., Vol. 21 (1926), pp. 454-68. 


5 Max Leggette, “The Preparation of Thin Sections of Friable Rock,” Jour. Geol., 
Vol. 36 (1928), pp. 549-57. 


6 Formerly at The Pennsylvania State College. 
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gener and Lewis mounted their specimen in a low-melting alloy, in a 
mould which was placed in a suitable pipe fitting, and compressed 
air was used to force the varnish into the specimen. All these methods 
require a period of several hours of treatment after impregnation to 
drive off the volatiles and harden the varnish. This must cause a de- 
crease in the volume of the impregnating medium, which would there- 
fore fail to show any longer the true percentage of pore space present. 
In addition, the last method cited necessitates even further trouble 
and delay in mounting the specimens. 

Ross also describes the use of balsam and kollolith for impregna- 
tion, and Leggette gives reference to an article by Schlossmacker’ de- 
scribing a method of impregnating specimens with balsam in a vacuum. 
The specimen was placed on a shoulder in the container, and after 
evacuation the chip was caused to fall into the balsam in the bottom 
of the vessel. The writers, without knowledge of the previously men- 
tioned article, devised a plan very similar in most respects, but more 
convenient and better suited to the ends to be accomplished. In gen- 
eral, the method here outlined proposes to evacuate the air from a 
clean, dry specimen, to immerse it in molten balsam, and then to 
force that balsam into the evacuated pores under pressure. 

The use of bakelite resinoid, or varnish, has the advantage of 
being tough and of not softening when heat is applied during the proc- 
ess of mounting and covering the slip. The last advantage is not 
shared by Canada balsam. In the case of many sedimentary rocks, 
such as the oil sands being studied by the writers, and of many ceram- 
ic products, there is enough—or nearly enough—cohesion between 
grains to permit sectioning without a binder. Under such conditions 
the filler simply designates pore space. The writers have found that 
balsam can be used both as a binder and a pore indicator if the proper 
technique is developed in mounting the sections. Porous materials, 
such as silica brick, which are too friable for grinding, may be bound, 
sectioned, and mounted, using balsam as the impregnating medium. 


IMPREGNATING MEDIUM 

Canada balsam in which an oil-soluble dye has been dissolved is 
used by the writers for impregnation. There is a large variety of colors 
available for this purpose, but flaming red® and deep blue® have 

7K. Schlossmacker, “Ein Verfahren zur Herrichtung von schiefrigen und lockeren 
Gesteinen zum Diinnschleifen,” Central. fiir Mineral., Geol. und Paleon. (1919), pp. 
190-92. 

8 Flaming red No. G.-305, Ox Color Works, 140 West 42 Street, New York, N. Y. 


Also suitable are orange, peacock blue, perfect purple, shamrock green, brilliant green, 
and sunbeam yellow, all made by the same company. 


__ * Du Pont anthraquinone blue, AB base, E. I. du Pont de Nemours and Company, 
Wilmington, Delaware. Also suitable are yellow, brown, and violet. 


| 
i 
i 
‘ 
4 
a 


262 ALLEN W. WALDO AND S. T. YUSTER 


proved sufficient for our work. Other colors made by various manufac- 
turers are no doubt available.'® 

Natural paper-filtered balsam is used. This is heated on an electric 
stove or a flame, and the dye is added to the hot balsam. The balsam 
should receive enough dye to produce a deep color, since the color will 
appear much paler in thin section. The dye should be completely dis- 
solved and uniformly distributed by stirring. Heating should be con- 
tinued long enough so that upon cooling the balsam will be hard and 
similar in character to that which holds the slip in a thin section." It 
must not be viscous enough to inclose and hold grains of the abrasive 
during grinding, nor should it be so brittle that it readily breaks or 
chips from the pores. 

Tests made by the writers indicate that balsam treated in the 
previously described mahner is very satisfactory as an impregnating 
medium. Balsam of the above character, when remelted, has a surface 
tension of only 33 dynes per centimeter at 270°F.; 34 dynes at 194°F.; 
about 36 dynes at 190°F.; and an estimated 45 dynes at 140°F. Its 
viscosity in the region of 270°F. is about one poise (only about 100 
times that of water at room temperature). It is true, of course, that 
these values will vary somewhat according to the previous treatment 
applied to the balsam, and that fresh paper-filtered balsam heated for 
the first time, will show lower values than those just recorded. 

Molten balsam was allowed to enter fused quartz capillaries and 
to come to equilibrium for the purpose of determining whether it 
would preferentially wet silica. After cooling, the capillaries were 
examined microscopically and it was found that the balsam-silica 
contact angle was zero, indicating excellent wetting. Since the great 
majority of minerals present in rocks and ceramic products are silica 
or silicates, it is believed that this condition will hold true for these 
materials also. Thin sections have revealed no instances in which the 
balsam has failed to wet any mineral type. 


MECHANICAL EQUIPMENT 


The equipment consists of an air-tight cylinder opening through a 
small pipe having a T-shaped branch, one branch leading to a vacuum 
pump and the other to an air compression pump. The cylinder used 
by the writers has a welded base and a recessed cover which can be 

10 A blue dye, national alizarine blue, G. R. L. base, National Analine and Chemical 


Company, 40 Rector Street, New York, N. Y., was tried and found satisfactory by the 
writers, but has not been generally used by them. 


11 The dye should be added after sufficient volatile matter has been driven off to 
give ag? ow texture to the resin. The temperature should not be allowed to exceed 
300°F. after incorporation of the dye, since this may destroy its color. 
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drawn down tight against a lead gasket with 5 nuts which screw on to 
studs welded to the cylinder walls, as shown in Figure 1. This can 
be constructed from any piece of pipe which has a suitable diameter. 
The figure shows the equipment as used by the writers, but obviously 
the dimensions can be changed, in any manner desired. to suit the 


-heating coil 


elevation 


Vacuum—-Pressure Chamber 
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to pressure 


Fic. 1.—Diagrams showing type of equipment used by writers. Dimensions may be 
changed in any manner desired to suit particular needs of user. 


particular needs of the user. The cylinder here shown was used simply 
because it was already available, having first been designed for another 
purpose. 

The cylinder is wrapped with a layer of asbestos paper, over which 
is wound electrical resistance wire which is used for a heating unit. 
This is then completely covered with asbestos for insulating purposes. 
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A well, constructed of copper tubing of the proper diameter and 
sealed at the bottom, was welded into the center of the cover. In this 
was placed the thermometer necessary to indicate the internal tem- 
peratures. 

The receptacles used to hold the specimens are porcelain crucibles. 
The writers have found it convenient to use a form 27 millimeters 
high, 35 millimeters in diameter at the top, and having a capacity of 
15 milliliters. Here, also, the size used may be varied to suit the user. 
Metal receptacles constructed to fit the specimens have also been used. 
Three layers of these crucibles may be placed in the cylinder here 
described. This is done by covering the top of each layer of crucibles 
with an asbestos-covered screen (any fine screen will do). The balsam 
wets the crucible so efficiently that the molten resin climbs over the 
edge and may actually drop to the layer below. If sections in the va- 
rious layers are being impregnated with different colors, a mixing of 
these colors would be undesirable. The asbestos-covered screen over 
each layer prevents this. The screen must, of course, be cut to fit the 
diameter of the cylinder used, and must have a hole cut in the center 
through which the thermometer well in the cover may pass. Under the 
conditions already outlined, the writers are able to run 19 specimens 
at a time, and the equipment could easily be designed to run many 
more. 

The vacuum pump used by the writers is the ordinary laboratory 
type, capable of reducing the pressure to a millimeter of mercury in 
a fairly short time. A mercury manometer reading in the range o to 
about ro centimeters should be used to follow the progress of the evac- 
uation. The valve separating the vacuum system from the impregna- 
tion chamber should be placed between the latter and the manometer 
to prevent blow-ovts when the pressure is applied. A similar arrange- 
ment should be made on the high pressure part of the line, a bourdon 
gauge being used instead of a manometer. 

The readings on the low- and high-pressure gauges will indicate 
the extent of impregnation to expect under the operating conditions. 
Since a change in pressure of one millimeter at these low pressures 
would have a far greater effect on the extent of impregnation than a 
pressure of several centimeters when the high pressure is applied, the 
extent of evacuation should be as low as possible. 

The ratio between the low and high pressures measures the effi- 
ciency of the process, since it determines the maximum possible reduc- 
tion in volume of the air in the pores. As an example, the writers shall 
compare the efficiency of the method proposed in this paper with one 
which forced a resin into a porous sample under a pressure of 7 tons 
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per square inch, the initial pressure being atmospheric. Seven tons is 
approximately 950 atmospheres, so that the reduction in volume is 
about g50-fold. In the method described in this paper, the pressure 
was initially one millimeter of mercury and finally 75 pounds or about 
3,880 millimeters. This represents a volume decrease of about 3,880- 
fold. It is obvious, therefore, that on the basis of pressure gradient 
alone, the present method is 4 times as efficient as the old one. 

The pressures used can be varied to suit the convenience and 
equipment of the manipulator. Even atmospheric pressure applied 
after a nearly perfect vacuum should produce a good impregnation. 

If there is no source of high pressure in the laboratory it might 
be possible to solder or weld an automobile tire valve to a pipe con- 
nected with the system, and to use an automobile pump to bring the 
pressure up to the desired point. 


TECHNIQUE 


The specimen is prepared for impregnation by cutting a slip about 
2 millimeters thick on a diamond saw, or in some other manner reduc- 
ing it to a proper size. If the saw is run in kerosene, or in another lu- 
bricant, the specimen will absorb some of the liquid. This may be 
extracted with naphtha, gasoline, or some other suitable solvent. 

When the specimen has been reduced to the size desired, it is 
placed in a porcelain crucible and covered by enough chips of the 
hard, dyed balsam to cover completely and impregnate the speci- 
men after melting has occurred. If the crucible has been used pre- 
viously and has a residue of hard balsam in the bottom, the specimen 
is placed on the top of this and a smaller number of chips placed above. 

The crucible is next placed in the cylinder, the top screwed down 
tight, and a thermometer placed in the well. The vacuum pump is 
started, and the chamber is evacuated as completely as possible. 
The writers have been able consistently to reduce the pressure to one 
millimeter of mercury by using an ordinary laboratory pump. This 
method of evacuating the sample before it has been covered by the 
molten balsam is a decided advantage, as the air is readily removed 
and is not forced to bubble out through a more or less viscous liquid, 
which not only causes frothing, but also offers resistance to the re- 
moval of the air. After the cylinder has reached the minimum pressure 
(the writers allow 10-15 minutes for this process) the heating unit is 
connected and the balsam melted. The vacuum pump is kept running 
until the temperature has reached 150-170°F. At this temperature 
the balsam will melt down and completely cover the specimen, so that 
air can no longer be forced into the pores. Air is then allowed to enter 
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the evacuated chamber and pressure applied. With the pressure on, 
the temperature is raised to 250°F., and the heating unit is shut off. 
The temperature may continue to rise after that to nearly 300°F., 
but should not be allowed to go above that if possible, as it may ruin 
the color of some of the dyes or may overheat some of the minerals. 
By allowing the temperature to rise to about 300°F. the viscosity and 
surface tension of the balsam are reduced to the figures previously 
listed in this paper, and good impregnation is secured. There is a de- 
cided tendency for the balsam to boil, creep up the sides of the cruci- 
bles, and run down into the bottom of the chamber at reduced pres- 
sures. This both reduces the volume of the balsam in the crucible, 
which may prevent the specimen from being completely covered, and 
produces a sticky mess in the bottom of the cylinder. For this reason, 
pressure is applied at the lowest possible temperature. That tempera- 
ture is, of course, the point at which the balsam is fluid enough to 
completely cover the specimen, and to permit no air to enter it. In 
the equipment used by the writers, this condition was attained at the 
temperature listed—150—170°F. 

After the heating unit has been shut off the specimens are allowed 
to stand long enough to permit the molten resin to permeate all parts 
of the specimen, and thus to produce a good impregnation. This time 
will, of course, vary according to the permeability of the material. 
The writers, using material having permeabilities of 0.10 millidarcy 
and less, permit their specimens to stand an hour or more, but speci- 
mens removed within half an hour have been found to be well im- 
pregnated. 

After impregnation, the specimens are removed and allowed to 
cool. Grinding and sectioning may then proceed in the normal manner. 
The writers find that the slip should be mounted on the slide very 
rapidly and removed from the hot plate immediately upon being 
pressed into place in the hot melted balsam. This prevents heating of 
the slip, with consequent melting and running of the dyed balsam in 
the pores. When the cover glass is being mounted, it alone should be 
placed on the hot plate. The amount of balsam needed for mounting 
is placed on the cover glass and melted. The cold slide and thin slip 
are then squeezed down upon the balsam-coated cover glass with 
firm pressure, and the whole is removed from the hot plate before it 
can be heated through. The writers are aware of the fact that this 
rapid mounting does not eliminate bubbles as effectively as could be 
done by taking more time and heating the slide more completely, 
which, of course, is possible when bakelite is used. They are con- 
vinced, however, that the advantages of more complete impregnation 
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far outweigh in value any disadvantages resulting from entrapped 
bubbles. 
CONCLUSION 


The writers feel that the process outlined in this paper has distinct 
advantages for the impregnation of materials which are to be used for 
pore studies in thin section. The equipment is simple and inexpensive 
and may be used in any laboratory where a vacuum pump is avail- 
able.” It is particularly effective if compressed air is also present. The 
process is simple and requires a relatively short period for completion, 
especially when one considers the number of specimens which may be 
handled at one time. The processes and equipment can be modified 
easily to suit the needs of the individual case. Finally, it produces 
well impregnated samples, whose pores are easily and rapidly dis- 
tinguishable, and it causes no such loss in volume after impregnation 
as must occur in other processes where volatile solvents have to be 
removed in order to produce hardening. 


2 Although the writers have not attempted to utilize a water aspirator for the 
evacuation, it might well be possible to obtain fair impregnations by such a method. A 
combination of this with the use of an automobile pump for producing pressures, makes 
this process practicable in any laboratory. 
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GEOLOGICAL NOTES 


AN APPEAL FOR COOPERATIVE STUDY OF 
TIME OF PETROLEUM FORMATION 


There is no general agreement among petroleum geologists regard- 
ing the time of generation of the natural hydrocarbons as compared 
with the age of the source materials. One school favors the geologic 
distillation theory according to which petroleum and natural gas may 
be generated from organic matter stored in the source beds until 
temperatures and pressures are raised sufficiently by burial or deform- 
ation to bring about the conversion of important quantities of such 
material. If this theoty is correct oil and gas may be formed long 
after oil shales and other source strata have been deposited, possibly 
in some cases after the lapse of several geological periods. 

Other students of the problem believe that petroleum and natural 
gas are not derived from organic matter stored for comparatively long 
periods until conditions favor rapid conversion but are generated 
essentially as such almost simultaneously with the deposition of the 
source beds. This interpretation may be designated the contemporane- 
ous theory. 

The practical importance attached to the question is obvious to 
all geologists whose duties involve the problems of oil finding. In the 
event that it can be demonstrated that oil and gas may be formed 
early in the history of the source beds then it is apparent that if traps 
are not already present, deformation of sufficient magnitude to form 
structural traps must occur during, or soon after, sedimentation if 
conditions are to be favorable for the concentration of oil and gas 
into commercial pools in a given area. If, on the other hand, it may 
be established that oil and gas are formed only after deep burial and 
incipient metamorphism of the organic matter in the strata, it is ap- 
parent that folding long after deposition may afford traps for ac- 
cumulation. 

From the nature of the problem it will probably never be demon- 
strated that one of these conceptions applies exclusively, yet a care- 
ful analysis of a large body of evidence bearing on the time of ac- 
cumulation should yield data indicating the preponderating im- 
portance of one over the other. 

The writers, who for several years past have assembled a great 
deal of information relative to this question, are convinced that many 
valuable observations concerning the relationship between the time 
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of formation of petroleum or natural gas and the time of initial de- 
velopment of structural traps have been made by petroleum geologists 
in local areas that have not been presented in the literature. It fre- 
quently happens that an investigator does not have sufficient data 
on topics of this character to justify publication on the subject, yet 
the matter may be of great importance to the oil fraternity. An ap- 
peal is hereby made to all possessing such data to contribute them to 
us for study and incorporation in a forthcoming report bearing on the 
problem. In the final compilation full credit will be given to all 
authors who have supplied useful information. 


F. M. Van 


BEN H. PARKER 
CoLorADO SCHOOL OF MINES 
GoLpDEN, COLORADO 


January 4, 1937 


THEORY POSTULATING MIGRATION 
OF OIL ALONG FAULTS! 


Much has been written on the subject of the origin and migration 
of oil; in California, until a few years ago, it had generally been as- 
sumed that most of the oil originated in organic shales and that later 
it migrated vertically through the intervening beds into the overlying 
sands where it is usually found. One of the latest papers on the origin 
of California oil is by F. M. Anderson,” who accepts the old point of 
view, and expresses the opinion that the bituminous oils probably 
originated from the diatomaceous shales, and that the oils with a 
paraffine base came from the foraminiferal shales. Anderson’s paper 
gives a very good review of the literature on the subject. 

In recent years a number of geologists have raised the question 
as to whether oil could migrate vertically across beds. It is pointed out 
that very commonly oil is found in several distinct zones, one above 
the other but separated by beds containing very little, if any, trace 
of oil and in some places these intermediate beds are apparently im- 
pervious. Another fact pointed out is that the lowest oil sand may be 
several thousand feet above the highest organic shale and in such 
cases the intermediate beds in many places consist of sands full of 
water that contain very little oil; other intermediate beds of sand may 
be nearly dry. The question is: if the oil migrated vertically across 
the beds, why is it that certain permeable sand layers are productive 


1 Read before the Pacific Section of the Association at Los Angeles, November 5, 
1936. 


2 F. M. Anderson, “Origin of California Petroleum,” Bull. Geol. Soc. America, Vol. 
37 (1926), pp. 586-614. 
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while others in between are barren? Would it not seem probable that, 
if vertical migration took place, the intermediate permeable beds also 
would contain oil? Why should it not occur in these barren sands, 
which are as permeable as those in which it is found? 

W. A. English,’ in a paper read before the March, 1928, meeting of 
the American Association of Petroleum Geologists held in San Fran- 
cisco and Los Angeles, raised these questions and expressed the 
opinion that oil does not migrate any great distance vertically but has 
its origin in the beds in which it is found. The concept allows for 
lateral, but not for any great amount of vertical migration. Thus, 
English believes that in southern California, where a large proportion 
of the oil is found in beds of Pliocene age, the oil originated from the 
organic matter in those Pliocene deposits and not in the underlying 
Miocene organic shales. 

To the writer it seems more than probable that the organic shales 
are the chief source of the oil and that there has been vertical migra- 
tion but not in the way previously thought. The principal reason for 
believing that the oil originated in the organic shales, outside the 
organic character of the shales, is that it is never found except in 
sections where such shales are present. So far as the writer is aware 
there is no exception to this. As a rule these shales are below the 
beds containing the oil. 

Jenkins,‘ in his paper entitled, “Sandstone Dikes as Conduits for 
Oil Migration through Shales,” accepts the theory that oil is derived 
from organic shales and postulates that migration through the shales 
might have been by the way of sandstone dikes. 

Several other authors have suggested that migration of oil from 
lower to higher beds takes place along fissures and joint planes that 
break across the deposits. One of the latest papers advocating this 
idea is by Krejci-Graf,' entitled, “Olgeologie als Grundlage einer 
methodischen Lagerstitten Suche,” an abstract of which was re- 
cently published by Trask.*® 

The hypothesis proposed by the writer is that a large part of the 
vertical migration of oil may be accounted for as having taken 

3 W. A. English, “California Petroleum Geology, A Symposium, San Joaquin 
Valley,” California Oil Bull. (April, 1928). 

‘ Olaf Jenkins, ‘‘Sandstone Dikes as Conduits for Oil Migration through Shales,”’ 
Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 4 (April, 1930), pp. 411-21. 

5K. Krejci-Graf, “Olgeologie als Grundlage einer methodischen Lagerstitten 
Suche,’’ Neues Jahrb. f. Min. etc. (Stuttgart), Beil. Bd. 73 (1934), pp. 165-210. 


® Parker D. Trask, “Summary of Recent Foreign Literature on the Problem of 
u's Generation,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 20, No. 9 (September, 
1936), Pp. 1237. 
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place along the primary faults that break the old basins of deposition. 
As has been pointed out in previous papers’ all major basin areas in 
the Coast Ranges are broken by faults, most of which had an earlier 
origin than the sediments which they now cut; in other words, it 
was the later movements along the faults that broke the overlying 
sediments. In many places these faults have not broken through the 
later sediments and are buried at considerable depths. Some of the 
best examples of this condition are found in the Los Angeles basin. 
These faults usually represent fairly broad zones of crushing. The 
water and oil in the lower part of the section, including that in the 
organic shales, would be under pressure as a result of the weight of 
the great overlying column of sediments, and consequently, if there 
should be any passageway of escape, they would be forced into it. 
The crushed zones of the faults would form such a passageway and 
the oil and water would be forced up along the fault zone; if the fault 
had broken through the highest sediments in the section, then prob- 
ably most of the oil and water would escape to the surface. It is a 
well known fact that a large proportion of the surface faults that cut 
the underlying organic shales in the Coast Ranges have asphalt de- 
posits along them. 

In the migration upward along a fault the oil would pass into 
the permeable sands which the faults cuts, above the organic shales. 
It may be questioned whether very much of it would pass into these 
permeable beds if the fault zones opened up to the surface for there 
probably would be less resistance to the flow in that direction; how- 
ever, if the fault were buried, then the barren sands cut by the fault 
would offer the best means of escape and the oil and water would be 
forced into them until they were filled. This would probably take 
place before the folding; the flat-lying, formerly barren beds would be 
filled with the oil-laden water under pressure from below. Finally 
when the folding took place the oil would be segregated in the anti- 
cline or in tilted beds against the fault. 

By this hypothesis one can account for the fact that the oil sands 
are in many places more than a thousand feet above the organic shales 
and separated from them by barren pervious and impervious beds; it 
also gives us an explanation of why, as is commonly the case, a series 

7 Bruce L. Clark, ‘Tectonics of the Valle Grande of California,”’ Bull. Amer. Assoc. 
Petrol. Geol., Vol. 13, No. 3 (March, 1929), pp. 199-238. 

, “Tectonics of the Coast Ranges of Middle California,” Bull. Geol. Soc. 
America, Vol. 41 (1930), pp. 747-828, Pls. 14-22; 11 figs. 
‘‘Age of the Primary Faults in the Coast Ranges of California,’’ Jour. Geol., 


Vol. 40, No. 5 (1932), pp. 384-401. 
, “Tectonics of Mt. Diablo and Coalinga Areas, Middle Coast Ranges of 


California,” Bull. Geol. Soc. America, Vol. 46 (1935), pp. 1025-78. 
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of productive sands may be found one above the other separated by 
pervious but barren sands. In some places, the sands between the 
productive beds are filled with water which contains very little oil 
or the sand may be barren of both water and oil. 

We may explain the absence of the oil in the water-bearing beds by 
postulating that the water was in them before they were broken by 
the fault; thus, when the oil-laden waters were forced up along the 
fault zone, they could not penetrate the beds already saturated. The 
absence of both oil and water from the barren beds may be explained 
as being due to the lenticularity of these beds; they may have been 
impermeable where they were cut by the fault. 


Bruce L. CLark 
BERKELEY, CALIFORNIA 
November, 1936 - 


Courtesy of Los Angeles County Chamber of Commerce 
San Gabriel Mission, Los Angeles County 
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* Subjects indicated by asterisk are in the Association library and available to 
members and associates. 


*Internationaler Geologen und Mineralogen Kalender (1937). Compiled by Ep- 
MUND BEYENBURG. Published by Deutsche Geologische Gesellschaft, 
press of Ferdinand Enke, Stuttgart, Germany (1937). 588 pp. Price, 
10 RM. 


This book is a most useful world directory of geologists and geological 
institutions. The first of the two main parts of the book is an address list of 
9,000-10,000 geologists. The second part lists by cities, nations, and conti- 
nents, the state and federal geological surveys, college and university geo- 
logical departments, geological, mineralogical, and paleontological museums 
and societies, their series of publications, the staff and rank of each member 
of the staff for the state and federal surveys, the staff and the rank and 
specialty of each member of the staff for the college and university geological 
departments, and the officers of the societies. Dr. Beyenburg seems to have 
taken many pains to insure high accuracy in his data. The reviewer has 
found previous editions a very handy book to have on his desk and believes 
that most geologists and geological institutions will find this a most useful 
reference book. 

Dona.p C. BARTON 


Houston, TEXAS 
December 23, 1936 


*“Contribucdes para a Geologia do Petroleo no Reconcavo (Bahia)’’ (Con- 
tributions to the Geology of Petroleum in the Reconcavo, State of Bahia, 
Brazil). By S. Fr6es ABREU, GLYCON DE Paiva, and IRNACK DO AMARAL. 
viii and 232 pp. (Portuguese), 20 pls. (incl. 2 geological sketch maps, 
131,200,000 and 1:25,000, 1 stratigraphic column, and 35 photographs), 
23 figs. (incl. sketch maps, illustrations not numbered). Privately printed 
by the Tipografia Germania, Franz Timon, Rua da Relacao 31, Rio de 
Janeiro (November, 1936). 


Travellers stopping at Salvador, Brazil, commonly called “Bahia,’”’ will 
recall the great elevator that lifted them from dock-level up a steep 200-foot 
bluff to the “Cidade Alta.”’ This bluff is part of a fault-line scarp that forms 
the northwestern margin of the gneiss hills along the coast, and overlooks the 
Reconcavo or interior lowland, which extends about 60 kilometers northwest, 
with a northeasterly length of more than 150 kilometers. 

Most of the lowland is covered by the flat Barreira series (Pliocene con- 
tinental sands, conglomerates, and clays), which on the island of Santo 
Amaro, 30 kilometers west-southwest of Salvador, contains a bed of coarse 
sandstone, 1.4 meters (4.6 feet) thick, impregnated with heavy black oil, of 
which an analysis is given. 

The Barreira series has been swept away from the lower part of the 
Reconcavo, exposing the Reconcavo series (Lower Cretaceous, continental 
shales, with subordinate fine-grained, hard sandstone). Vertebrate remains 
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indicate that the age of the latter is Albian. At Labato, a northern suburb 
of Salvador, a shallow dug well, about 5 meters deep, penetrated 1 meter of 
alternating lenses of shales and sandstone, the latter impregnated with about 
7 per cent of oil, which may be extracted with solvents. The oil also seeps 
out of the sandstone into the well, where a few cubic centimeters may be 
skimmed from the water. Analyses of three samples show densities of 0.850 
at 23°C. to 0.900 at 27°C., and a mixed base. The seepage lies on the marginal 
fault. 

The continental Pliocene and Lower Cretaceous strata are regarded as 
improbable sources of the oil, which the authors believe must have risen 
from some unknown deeper horizon that fails to crop out. Apparently the 
exposed strata do not exceed a few hundred feet in thickness, but a much 
greater thickness is possible, for the lowland has the general form of a basin 
of deposition, as may be inferred also from the presence of conglomerate in 
marginal phases of the Cretaceous strata. The probability of a major fault 
along the southeast margin of the basin suggests further that it may be also 
a structural basin, but little is known about the structure. Over most of the 
basin, the Cretaceous strata are nearly horizontal, so far as the authors could 
determine, excepting numerous examples of contortion from subaqueous 
gliding, and a few small areas where more regular dips of 10° to 20° were 
found, and one place where the dip attains 60°. Field observations have not 
sufficed to delineate structural forms, and it is not certain that they could do 
so, because of inadequate exposures. In an area of generally horizontal strata, 
the local occurrence of such high dips suggests to the reviewer that they may 
be connected with faulting. 

The authors conclude that the area is worth further study, preferably 
with the aid of geophysics, in which the reviewer concurs. The problem seems 
to call not only for the location of favorable structure, by seismic or other 
method, but also for the determination of the depth to the crystalline base- 
ment, for large oil fields occur generally in basins of thick strata. 

In this connection useful comparison may be made with the structural and 
depositional basin in Patagonia that contains the Commodoro Rivadavia oil 
field, in which surface studies had indicated the presence of only a few hun- 
dred feet of Cretaceous strata, soon proven by the drill to exceed 4,000 feet. 
It is now thought that the basin contains about 6,000 feet of strata, including 
supposed ‘‘Triassic’’ strata, in which a new oil horizon has been discovered 
about 600 meters below the deepest previous production. Pre-Triassic strata, 
if any, would not be basin deposits, but would be a metamorphosed part of 
the basement complex. Seismic determination of the true depth of the basin 
would be of great interest, and possibly of practical significance. Like all 
the known basins in the area of crystalline rocks far east of the Andes, that 
of Commodoro Rivadavia seems to lack the great thickness of strata that 
characterizes most oil-bearing regions. The stratigraphic and structural prob- 
lems of the Reconcavo basin of Bahia may be expected to be of similar nature. 


CHESTER W. WASHBURNE 
149 Broapway, NEw YORK 
January 1, 1937 
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*“Recherches sur le pétrole dans l’antiquité’”’ (Researches on Petroleum in 
Antiquity). By A. Secu1n. Revue des Questions Historiques (Paris), Vol. 
64, No. 1 (January, 1936), pp. 3-41 Price, 12 Fr. 

It has become common-place, when referring to oil deposits in western 
Asia, to state that they were known since the remotest antiquity and that 
the Bible mentioned such deposits. Nevertheless, it is not so well known 
that many other ancient texts cite the existence of oil and its use since the 
earliest historic time, in these same lands. For this reason the work of a 
distinguished French archeologist, M. A. Seguin, will be exceedingly interest- 
ing to all whose attention has been drawn to these historical problems. 

M. Seguin’s first article devoted to this matter gives, in the first place, 
from abundant Latin, Greek, Egyptian, Assyrian, and Hebrew sources, 
much evidence about the geographic situation of deposits known in antiquity, 
particularly those of Greece, Mesopotamia, Palestine, Persia, Egypt, and 
even of the Caucasus, the Indies, North Africa, and Ethiopia. 

The second and third chapters indicate the properties and the uses of 
naft mentioned by the ancient authors. Being inflammable, it was used for 
illumination, to torture, and in military art, for making incendiary pro- 
jectiles. It was used in medicine, in embalming, as mortar in construction 
work, and for caulking ships. 

Other articles as a result of Seguin’s continued research will doubtless add 
to our historical knowledge of oil. 


H. pE C1zZANCOURT 
Paris, FRANCE 
October 15, 1936 


Stratigraphic Classification of the Pennsylvanian Rocks of Kansas. By ‘Ray- 
MOND C. Moore. State Geological Survey of Kansas, Lawrence (1936). 
256 pp., 12 figs. 

This publication is in the nature of a handbook describing the strati- 
graphic divisions of the Pennsylvanian system of Kansas, “‘the object being 
to consider classification and nomenclature of the rocks rather than to por- 
tray their stratigraphic development in any detail.’’ With this as an objective, 
each stratigraphic unit, beginning with the oldest, is described and defined 
chronologically as it has been used in the literature. Obsolete, abandoned, 
or not recognized usages are given as well as the present definition. The name 
of the author, date and publication where first used, and the type locality of 
each unit are given. These data are followed in each unit by a short descrip- 
tion of the lithologic character, physical appearance, and an occasional men- 
tion of diagnostic fauna. 

The large amount of detailed work which has been done during recent 
years on the stratigraphic problems of the Pennsylvanian in Kansas is illus- 
trated by the fact that of the 136 valid units described, the usage in 64, or 
nearly half of the total number, has been first defined since 1930. 

The Pennsylvanian-“Permian” boundary is placed at an unconformity 
occurring above the Brownville limestone and below the Aspinwall limestone, 
or more than 300 feet below the base of the Cottonwood limestone, the horizon 
used by the United States Geological Survey as the base of the “Permian.” 
Though the Pennsylvanian is considered in the text as a system, the desir- 
ability of adopting the European method is pointed out in the concluding 


hy 
ae 


276 REVIEWS AND NEW PUBLICATIONS 


section of the book. This means the use of the Carboniferous system and the 
Permian system and in such a classification the Pennsylvanian and the 
Mississippian would rank as subsystemic divisions of the Carboniferous. 


A. I. LEVoRSEN 
Tusa, OKLAHOMA 


January 8, 1937 


Einfiihrung in die Geologie; ein Lehrbuch der inneren Dynamik. (Introduction 
to Geology; a Textbook of Earth Forces.) By Hans Ctoos. xii plus 
503 pp., frontispiece, 356 text illus., 3 pls. Gebriider Borntraeger, Berlin 
(1936). RM. 24. 

For 27 years, Hans Cloos, of the University of Bonn, Germany, has been 
gathering facts and field observations with regard to the structure of the 
earth’s crust, and the nature of the forces that cause its movements. In this 
book, he presents his present opinions on the problem. 

The two paramount prerequisites to make a treatise of this kind valuable, 
namely, clear separation of facts and theories, as well as adequate illustration 
by photos, diagrams, and drawings, are admirably followed, notwithstanding 
the fact that often a brief statement of fact substitutes for lengthy discussion 
of thesis and antithesis which have gradually crystallized into the view ex- 
pressed. 

A ten-page introduction leads up to the subject matter which is logically 
arranged. The first part of the book discusses ‘““The Terrestrial Magma,” as 
the most conspicuous cause of crustal movements (pp. 11-173). ‘“The Crust” 
takes up the greater part of the book (pp. 177-425), and ‘“The Earth’s In- 
terior” is the subject of the last part (pp. 429-481). 

The discussion of the feeding channels of volcanoes, which follows that 
on surface volcanism, leads over to “‘Subvolcanoes” (pp. 60-66) which have 
approached the surface to within short distances, doming or fracturing super- 
imposed rocks (laccoliths, bysmaliths, ef cetera). The main problems con- 
nected with true plutonic masses, mode of emplacement, chemical reactions 
in invaded parts of the crust, and also problems of ore deposition, are fol- 
lowed by discussions on surface form and probable shape of. plutons (pp. 66— 
71). All known types of masses are mentioned, including ‘“‘pyramidal’’ ones, 
with flaring walls, for which the term batholith has been used. Cloos in no 
way denies the existence of such bodies, although ‘“‘the imposing substructure 
can never be followed far ‘“downward”’ (p. 70). 

Various relations between plutonic structures, contact planes, and wall- 
rock structures allow a structural classification of plutons. They may be con- 
cordant, discordant, “konform”’ (internal flow structures parallel to con- 
tacts) or “‘diskonform,” harmonious (internal structure similar tq structure of 
wall rocks) or disharmonious (p. 75). 

Magma movements within plutons are inferred from the arrangement of 
flow structures and such fractures as show a clear relation to flow structures 
so that the stresses that led to their formation can be deduced. 

The chapters on mineralogy and physico-chemistry of igneous rocks, 
crystallization of magmas, metamorphism, assimilation, differentiation, and 
economic problems are brief, in view of the scope of the book. 

In the introduction to the second part, Cloos outlines what structure 
studies may attain: (1) accurate observations of the present structure of dis- 
turbed parts of the crust, and sequence of deforming movements; (2) recog- 
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nition of relative ages of various stages or types of movement; (3) suggestions 
as to most plausible forces to produce observed features; (4) a tectonic syn- 
thesis (p. 179). Bending and fracturing, the cardinal forms of deformation, 
are then introduced. 

Folds, uplifts (““Beulen,”’ bumps), and flexures are taken up first. Folds 
in the strict sense are distinguished from those which are due primarily to 
vertical forces, and in the mechanical analysis of folds, he distinguishes true 
folds due to bending, from shear folds, flow folds, and “salt tectonics.” 

Fractures are grouped into (1) joints, where opposite points on the two 
surfaces have not been displaced noticeably; (2) fissures, where opposite 
points have been torn apart appreciably; and (3) slip planes where the two 
surfaces have slipped past one another. 

Whereas fissures and slip planes give information on kind, direction, and size of tec- 
tonic movements, the joints proper record only a state of stress. It we could adopt the 


concept of purpose, we might say that joints indicate intentions of the crust, whereas 
the other two show accomplishments (p. 214). 


Although the author has made noteworthy contributions to the interpreta- 
tion of joints, he writes cautiously on another page: 


The joint in the rock, thin as a hair, and straight as a measuring rod, that piece of petri- 
fied geometry, promises much, yet discloses little (p. 225). 


The discussion of shear joints, tension joints, feather joints, and graben 
structures is amplified by the author’s illuminating experiments with wet clay. 
The important antithetic movements are duly stressed. Mechanical princi- 
ples of crustal movements are discussed jointly with Dr. S. Kienow, former 
Research Associate in the Institute of Applied Mechanics at Géttingen. The 
diagrams illustrating pure and simple shear and rotational strain are well 
executed, amply labeled, and the accompanying text is clear and well organ- 
ized. Various factors which limit the unqualified application of theoretical 
conditions, such as volume changes, relative movements of adjacent crustal 
units, inhomogeneity of material, size of reference-unit of mass, are em- 
phasized, and the important observation added that, if a deforming stress 
acts over extremely long periods of time, the reactions may approach those of 
true viscous flow, due to relaxation and hysteresis of material under stress 
(p. 294). 

A short, descriptive chapter on earthquakes is followed by another on 
“tectonic rock metamorphism.” Conditions are discussed under which 
breccias, cataclastic rocks, mylonites, pseudotachylites, slates, and crystalline 
schists are believed to form. Theories on recrystallization, rock cleavage, rock 
fabric analyses, and the relations between visible structures and inferred or 
known directions of maximum rock lengthening are characterized. 

In the chapter on “movement and time in the crust,” Stille’s system of 
epeirogenic and orogenic movements, evidences of small crustal movements, 
the significance of unconformities, erosion surfaces, graded bedding, and 
many other features are taken up, and the subsequent chapters, 12 to 14, 
outline the characteristics of mountain ranges. Typical examples are singled 
out for description and illustration. The réle which plutonic invasions have 
played in different mountain ranges, is particularly stressed. 

Before closing the discussion of the earth’s crust, the author gives, in the 
chapter on “Continental Nuclei and Ocean Basins,” a synopsis of the tec- 
tonic plan of the earth’s crust. An imaginary journey from the Pacific shores 
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of the New World eastward, ’round the earth, over the drained bottom of the 
Atlantic, across abysses, plateaus, decken systems, and ancient shields, and 
with a final glimpse of the polar areas, written with great skill and literary 
finesse, may do much to show how the wealth of structural detail, amassed 
and coérdinated by the author in this book, creates the basis of an inspiring 
picture of the development of the earth’s crust, in contrast to that of the 
moon. 

In the third part of the book, the methods of gravity determination are 
outlined, with remarks on problems of isostasy, and hypotheses on the deeper 
parts of the lithosphere. Geophysical prospecting methods, some of their re- 
sults, maps of torsion-balance and magnetometric surveys are added. The 
two concluding sections deal with hypotheses on the earth’s interior, and 
theories of orogenesis and continental genesis. 

It is impossible to describe the essential features of this book in a few 
sentences. In the 481 pages of this treatise, the author has concentrated an 
immense amount of facts and observations, and in the text illustrations there 
is incorporated a wealth of information rarely found in any other geological 
book. The style is grammatically simple, and the sentences usually short, but 
Cloos’ ideology is frequently so unique that American readers may often have 
difficulty in translating the correct meaning. Perhaps the subtitle of the book 
is somewhat misleading. This is not a textbook in the ordinary sense of the 
word; it is the author’s analysis of the earth’s crust, its structure, and its 
mechanical evolution. As such, it is an original contribution, and this is re- 
flected also in the text illustrations. There are 124 new ones, of which 34 
are elaborate block diagrams, or series of blocks, executed with unusual care. 
In some respects, the book resembles Bucher’s The Deformation of the Earth’s 
Crust, yet the two books differ in general plan, angle of approach, and type of 
discussion. 

Although some recent American references and ideas are missing, and 
students of structural geology may object to the choice, emphasis, or lack of 
such in the treatment of various topics, and although there are minor over- 
sights in spelling of author names and references, the reviewer has not found 
any descriptions of facts in which erroneous statements occur.. Controversial 
issues are discussed in cautious, impartial sentences; the author hardly ever 
discloses where his own mind may take sides. The student of structural prob- 
lems will find an abundance of references from which he may gather further 
details necessarily omitted in the condensed treatment of a vast field. Among 
the few existing compendia that analyze the whole field of tectonics as well 
as its significant bearings on general, applied, and historical geology, this 
stimulating book bids fair to remain one of the most arresting ones. 

ROBERT BALK 


Mount Hotyoxe 
Souto HapLey, MASSACHUSETTS 


January 15, 1937 


“‘Palaogeographie und Tektonik” (Paleogeography and Tectonics). By 
Franz Kossmat. Gebriider Borntraeger, Berlin (1936). 413 pp., frontis- 
piece, 5 pls., 30 text-figs. Price: RM. 18.20, in paper; RM. 20, in cloth. 


It is more than a quarter of a century since Professor Kossmat undertook 
to prepare a volume on paleogeography, but owing to a succession of inter- 
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ruptions he did not complete it until recently. During this long period, he 
states, his ideas as to the proper scope of the volume have gradually changed. 
Instead of staying close to the subject of the geographic distribution of ex- 
tinct animals—his original field of interest—he has become more and more 
interested in the relations between paleogeography and the tectonic evolution 
of the earth’s surface. It is this aspect of his work that may make it of interest 
to many American geologists. 

In his introduction, the author classifies the lands into Kettengebirge, 
like the Alps; Rumpfgebirge, like the Scandinavian or Ethiopian uplands; 
Schichtstufenlinder, like the Russian plains, the Paris Basin or eastern Kan- 
sas; Aufschiittungsebenen, like the North German or West Siberian plains or 
the San Joaquin Valley; and Vulkanlandschaften, like the Columbia plateau 
or a volcanic cone. Oceans, he thinks, should be divided into at least four 
classes: the Pacific, Mediterranean, Atlantic, and Arctic types. His discussion 
of the development of paleogeography touches many interesting questions, 
such as the period of time that should be represented on a single paleogeo- 
graphic map. If the period is very short, he points out, several difficulties are 
intensified. Since paleogeographic studies have demonstrated that geologic 
time has consisted of a series of transgressive (thalassocratic) and regressive 
(epeirocratic) stages, he holds further that the most profitable periods for 
study are those at which these conditions reached a maximum. Even if it is 
possible to draw maps for several stages during a thalassocratic stage, the 
effort may not be much worth while, because it will result merely in showing 
shoreline changes of the least important type; that is, of the type that results 
as the sea margin moves back and forth over a broad shelf. The location and 
shape of the shelf are the important matters, he holds, and not the exact 
position of the sea margin upon it at different times. 

On the classification of geologic processes into orogenic and epeirogenic, 
Kossmat follows Stille. On page 9 he gives in a table the relation of Stille’s 
orogenic phases to the post-Cambrian “‘stages’’ (Stufen) of western Europe. 

Kossmat holds that a paleogeographic map should furnish information 
not only as to the distribution of land and sea but also as to the location of 
mountain areas of different types and as to the distribution and nature of vol- 
canic processes. He knows of no way to avoid the difficulty caused by the 
tendency of folding to deform old sea basins and thus change their shape in 
plan. He considers that a map of the land hemisphere furnishes a reasonably 
satisfactory base for paleogeographic maps of the world. Of these he furnishes 
seven examples: one each for Cambrian, Devonian, Lower Carboniferous, 
Upper Carboniferous, Triassic, Upper Cretaceous, and Middle Eocene. 

To illustrate the scale of his discussion it may be interesting to notice the 
subject-headings in his 22-page account of the Upper Cretaceous. They are: 


Upper Cretaceous in North and Middle Europe 

Mediterranean Development of European Upper Cretaceous 

Continuation of European Upper Cretaceous through Asia 

Upper Cretaceous near the South Atlantic Ocean 

Upper Cretaceous of the Indian Ocean 

Pacific Upper Cretaceous of North America 

Atlantic Upper Cretaceous of North America 

Mediterranean and Pacific Upper Cretaceous of South America and Antarctica 
End of the Mesozoic Era 


In the first 275 pages, Kossmat completes his discussion of the different 
periods and turns next to a 100-page discussion of the “‘present tectonic plan 
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of the earth’s surface.” He starts with the circum-arctic region and works 
gradually southward to Antarctica. The structure of Eurasia, North America, 
South America and of some smaller regions is graphically shown on black- 
and-white maps that are well worth study. 

In a final summarizing chapter, the author discusses briefly a number of 
interesting general questions. Polar asymmetry of the earth, turning points 
in the earth’s history, movements of the crust and attempts to explain them, 
fluctuations of the sea, tectonics and magma, magma and ore-deposits, geo- 
logic distribution of recent vulcanism, and the Mediterranean belt are among 
the subjects treated in this chapter, at the end of which is a brief summary on 
the fundamentals of tectonics. 

There is a bibliography of about 12 pages and an elaborate table of con- 
tents that largely eliminates the need for an index. 

D. REED 
Los ANGELES, CALIFORNIA 
January 15, 1937 


RECENT PUBLICATIONS 
ARGENTINA 


“Granulometric Studies in Northern Argentina, with a Short Chapter on 
the Regional Geology of Central South America,” by Tor H. Hagerman. 
Geografiska Annales (Stockholm, Sweden), Vol. 18 (1936). 89 pp., 43 figs., 7 
pls. Pt. I, “A Review of the Regional Geology of Central South America,” 
pp. 126-63, Pls. 1-2, Figs. 1-24. Pt. II, “Methodology and the Results of the 
Granulometric Work,” pp. 164-213, Pls. 3-7, Figs. 8-24. 6.75 X9.75 inches. 


AUSTRIA 


*“Erdél und Erdgas in Oesterreich”’ (Petroleum and Natural Gas in 
Austria), by Hermann Vetters. Bohrtechniker-Zeitung (Wien), Vol. 54, No. 12 
(December, 1936), pp. 271-74; I map. 


BRAZIL 


*Contribuigées para a Geologia do Petroleo no Reconcavo, Bahia (Contribu- 
tions to the Petroleum Geology of Reconcavo, Bahia), by S. Frées Abreu, 
Glycon de Paiva, and Irnack do Amaral. 228 pp., 20 pls., 26 figs. 6.75 X9.5 
inches. Tipografia Germania, Franz Timon, Rua da Relac4o, 31, Rio de 
Janeiro (1936). Paper. 

GENERAL 


*“Aerial Maps, Greatly Improved, Simplify Work of Geologist and En- 
gineer,” by George S. Rice, Jr.,in collaboration with James C. Atkinson. Min. 
and Met. (New York), Vol. 17, No. 360 (December, 1936), pp. 569-72; 4 
illus. 

*“Naphthen- und Methandle ihre geologische Verbreitung und Entste- 
hung” (Naphthene and Methane Oils, Their Geologic Distribution and 
Origin), by Hans Hlauschek. Inst. fiir Brennstoff geologie an der Bergakademie 
Freiberg, Paper 11 (1937). 147 pp., 14 figs., 39 tables. Ferdinand Enke, Stutt- 
gart. 

*“Sedimentation in Relation to Tectonics,” by E. B. Bailey. Bull. Geol. 
Soc. America (New York), Vol. 47, No. 11 (November 30, 1936), pp. 1713- 


26; 3 figs. 
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*“S tratigraphic Evidence Bearing on Problems of Continental Tectonics,” 
by Raymond C. Moore. Jbid., pp. 1785-1808; 6 figs. 

*“Tie Aufbereitungsmethoden in Der Mikropaliontologie’’ (Preparation 
Methods in Micropaleontology), by C. A. Wicher. Zeit. Prak. Geol. (Halle- 
Saale), Vol. 44, No. 11 (November, 1936), pp. 174-76. 

Paléogeographia und Tektonik (Paleogeography and Tectonics), by Franz 
Kossmat. 414 pp., 5 pls., 30 figs. 6.5 X10 inches. Gebriider Borntraeger, 
Berlin (1936). Price: paper, RM 18.20; cloth, RM 20. 


KANSAS 


Kansas Oil. Published by Ira Rinehart’s Oil Report, Arthur Davenport, 
editor, Floyd Swindell, statistician. 176 pp. Contains 12 pool maps and a gen- 
eral state map showing pools and pipe lines. Lists 168 western Kansas pools 
with statistics. Production table. Rinehart Oil News Company, Daniel 
Building, Tulsa, Oklahoma (November, 1936). Price, $7.50. 


NEBRASKA 


*Nebraska’s Chances for Finding Oil Improving,’’ by Kent K. Kimball. 
Oil and Gas Jour. (Tulsa), Vol. 35, No. 31 (December 17, 1936), pp. 13 and 
14; 4 illus. 
POLAND 


*“Problemat rezerw gazu ziemnego w Polsce’’ (The Problem of the Re- 
serves of Natural Gas in Poland), by K. Totwifiski. Ann. Soc. Geol. Pologne 
(Krakéw), Vol. 12 (1936). 55 pp., 2 maps, 16 figs. Summary in French by St. 
Krajewski and A. Cailleux. 


WASHINGTON 


*“Preliminary Report on Petroleum and Natural Gas in Washington,” by 
Sheidon L. Glover. State of Washington Dept. Conservation and Devel. 
(Olympia), Rept. Invest. 4 (1936). 24 pp., 1 map, 5 tables, bibliography. 


WYOMING 


“Oil and Gas Map of Wyoming.” Issued with Inland Oil Index (Casper, 
January 1, 1937). One sheet, 27 X21 inches. Shows oil and gas fields, unproved 
structures, pipe lines, refining centers, highways. Separate copies for sale by 
Inland Oil Index, Casper, Wyoming. Price, 10 cents. 


ASSOCIATION DIVISION OF PALEONTOLOGY AND MINERALOGY 


*Journal of Sedimentary Petrology (Fort Worth, Texas), Vol. 6, No. 3 (De- 
cember, 1936). 

“The Size Distribution of Minerals in Mississippi River Sands,” by R. Dana 
Russell. 

“Petrography and Distribution of a Highly Weathered Drift in the Kansas 

River Valley,”’ by W. Farrin Hoover. 

“Determination and Calculation of Sphericity Values of Pebbles,” by F. J. 
Pettijohn. 

“The Method of Moments” (discussion), by Chester K. Wentworth. 

“‘Rejoinder to Wentworth’s Discussion of the Method of Moments’”’ (discus- 
sion), by K. C. Krumbein. 
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*Journal of Paleontology (Fort Worth, Texas), Vol. 10, No. 8 (December, 
1936). 

“Pennsylvanian Fusulinids from Ohio,” by M. L. Thompson. 

“A New Permian Ammonoid Fauna from Western Australia,” by A. K. 
Miller. 

“Ostracoda of the Genera Eucythere, Cytherura, Eucytherura and Loxoconcha 
from the Cretaceous of Texas,’’ by C. I. Alexander. 

“Shell Structure of the Ostracode Genus Cytheridea,”” by Morton B. Stephen- 
son. 

“Carboniferous Trilobite Genera,” by J. Marvin Weller. 

“The Casper Formation (Pennsylvanian) of Wyoming and Its Cephalopod 
Fauna,” by A. K. Miller and H. D. Thomas. 

“Ostracodes of the Silica Shale, Middle Devonian, of Ohio,’’ by Grace A. 
Stewart. 

“Structural Trends of the Trochiliscaceae,”’ by Raymond E. Peck. 

“Carboniferous Ostracodes,” by Betty Kellett. 

“Occurrence of Nonionella cockfieldensis at Claiborne, Alabama,” by J. B. 
Garrett, Jr. 


Biltmore Hotel, Los Angeles, California 
A.A.P.G, headquarters, March 17-19, 1937 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election, but places the names before the membership at large. If 
any member has information bearing on the qualification of these nominees, 
he should send it promptly to the Executive Committee, Box 1852, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 


Tracy Gillette, New York, N. Y. 
Quentin D. Singewald, Joseph T. Singewald, Jr., William B. Heroy 
Kenneth Washington Gray, London, England 
George M. Lees, F. E. Wellings, W. G. Woolnough 
Hubert Guyod, Houston, Tex. 
L. W. Storm, P. Charrin, Paul Weaver 
Curtis R. McKnight, Shreveport, La. 
Albert E. Oldham, E. L. Caster, Sidney A. Packard 
George L. Richards, Jr., Altadena, Calif. 
W. D. Kleinpell, Eliot Blackwelder, Chester Cassel 


FOR ASSOCIATE MEMBERSHIP 


Jules Braunstein, New York, N. Y. 

H. N. Coryell, Earl Emendorfer, G. M. Kay 
Clarence Eckhardt Brehm, Tulsa, Okla. 

E. A. Wyman, John L. Ferguson, Jess Vernon 
Charles Hatton Coldwell, Tyler, Tex. 

F. E. Heath, James A. Waters, F. H. Lahee 
Rodman Kay Cross, Bakersfield, Calif. 

H. W. Hoots, Louis N. Waterfall, E. R. Atwill 
Fred Holmsley Moore, Midland, Tex. 

Fred H. Wilcox, S. A. Thompson, Gayle Scott 
A. Lyndon Morrow, Wichita, Kan. 

E. P. Philbrick, F. E. Wimbish, Anthony Folger 
W. Layton Stanton, Jr., Bakersfield, Calif. 

Desaix B. Myers, Harold W. Hoots, Louis N. Waterfall 
Howard Lee Tipsword, Tulsa, Okla. 

Dollie Radler Hall, Bruce H. Harlton, V. H. Welch 
Richard Daniel White, Houston, Tex. 

Gage Lund, Carey Croneis, D. Jerome Fisher 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Bob Hancock, Bartlesville, Okla. 
Clare M. Clark, Homer H. Charles, W. M. Stirtz 
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TWENTY-SECOND ANNUAL MEETING, LOS ANGELES 
MARCH 17, 18, 19, 1937 


Plans for the twenty-second annual meeting have been announced from 
month to month in previous numbers of the Bulletin, and in mailed an- 
nouncements to each member. The technical program is scheduled on Wed- 
nesday, Thursday, and Friday, March 17, 18, and 19, so as to leave the week 
ends free for travelling if members coming from a distance care to save office 
time in this way. However, the local committee is arranging sight-seeing ex- 
cursions and field trips so that the full week, and longer if desired, can be well 
spent in Los Angeles and the surrounding region. As usual, the day before the 
official opening of the convention will be a day few will care to miss, Tues- 
day, March 16; it will afford time to meet friends before the scheduled pro- 
gram; it will be a busy day for officers and district representatives who will 
direct the business sessions; and at night it will be the meeting time of the 
round-table discussion of the research committee. 

Donald C. Barton, chairman of the research committee, announces a 
meeting for Tuesday forenoon. The annual dinner of the research committee 
will be held at 6:45 on Tuesday evening, March 16, before the opening of the 
general meeting of the Association. The annual open discussion meeting of 
the research committee will follow immediately after the dinner. Both the 
dinner and discussion meeting are open to the members of the Association 
or to any other scientist who can contribute pertinently to the discussion. 
The key topic will be: ‘“The Origin of Oil.”” The leader of the discussion will 
be Parker D. Trask. A series of key topics which constitute the more im- 
portant aspects of the problem have been outlined by Trask (October Bulletin, 
pp. 1380-1). The members of the audience should be prepared to be quizzed 
in regard to their opinion on those topics and in regard to their opinion on the 
question of how much opinion oil geologists are entitled to have on those 
topics on the basis of the available data. 

Frank A. Morgan, Rio Grande Oil Company, 855 Subway Terminal 
Building, is general chairman of the arrangements committee. The conven- 
tion headquarters is the Biltmore Hotel. 

Harold W. Hoots, Union Oil Company of California, chairman of the 
technical program committee, announces the following tentative list of the 
authors and titles of papers that appear to be assured. 


Presidential Address by Ralph D. Reed 


CALIFORNIA 
Ralph D. Reed The Geologic Setting for California 
Drexler Dana Historical Development of California Oil Fields 
Sam Grinsfelder and 
W. S. Eggleston Geology of the Dominguez Oil Field 
James M. Kirby Geology of Sacramento Valley 


WASHINGTON AND OREGON 
Chas. E. Weaver Geology of Washington and Oregon 
ROCKY MOUNTAIN REGION 
Joseph Neely Distribution and Character of the Sundance Formation 
R. L. Heaton Relation between Stratigraphy and Structure as regards 
Oil Accumulation in the Rocky Mountain Region 
Harry W. Oborne and 


W.0O. Thompson Geology of the Front Range and Adjoining Region 


John Bartram Upper Cretaceous of the Rocky Mountain Region 
KANSAS 
E. A. Koester and 
J. I. Daniels Regional Paper on the Geology of Kansas 
? General Paper on the Geology of Rice and Ellsworth 


Counties 
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OKLAHOMA 
N. W. Bass 
Bruce Harlton 
P. E. Fitzgerald and 
W. Wray Love 


TEXAS 
E. G. Thompson 


Herschel H. Cooper 


Phillip F. Martyn 

E. Russell Lloyd 

John Emery Adams 

P. D. Moore 
LOUISIANA AND ARKANSAS 

Max Bornhauser 

R. T. Hazzard 
ILLINOIS 

J. M. Weller and 

A. H. Bell 

FOREIGN 

J.O. Nomland 

J. S. Irwin 

W. B. Heroy 
GENERAL PAPERS 

Frank Rieber 


L. W. Blau 
Wallace E. Pratt 
John L. Rich 


D. C. Barton 
O. L. Brace 
E. D. Lynton 
E. DeGolyer 
W. L. Cozzens 


Verden Sandstone of Oklahoma 
Ouachita Mountains 


of Geological Data in the Acidizing of 
e 


Fault System of Northeast Texas with Emphasis on the 
Talco Structure as a Type 

Occurrence and Accumulation of Oil in the Laredo Dis- 
trict of Texas 

Geology of the Refugio Field 

Geology of the West Texas Permian 

Permian Sedimentation in West Texas and New Mexico 

Pre-Permian Stratigraphy of West Texas 


Geology of the Tepetate Field 
Oligocene-Miocene Problem in Louisiana and Arkansas 


Geology of the Illinois Coal Basin 


Geology of Bahrein Island 
Oil and Gas Possibilities of Western Canada 
Recent Developments in Foreign Countries 


Motion-Picture Presentation of Reflected-Wave Pattern 
from Various Geological Structures 

Recent Progress and Future Outlook of Geophysics 

Discovery Rates in the Search for Oil Fields 

Application of the Principle of Differential Settling to the 
Finding of Lenticular Sand Bodies 

Variations of Crude Oil in Texas (or the United States) 

Interrelationship of Geology and Geophysics j 

Orienting Cores by their Magnetic Polarity 

The Future of Petroleum Exploration 

Latest Developments in Aerial Photographic Mapping 


PAPERS ON RECENT DEVELOPMENTS 


California 
Foreign Countries 


Rocky Mountain Region 


Kansas and Nebraska 
Oklahoma 


West Texas and Southeast New Mexico 
Southwest Texas (including San Antonio district) 
North Texas and the Panhandle 

East and Northeast Texas 

Gulf Coast of Texas and Louisiana 


W. B. Heroy 

A. E. Brainerd and 
C. S. Lavington 

G. W. Baughman and 
Marvin Lee 

Ira Cram 

Hal P. Bybee 

Harry H. Nowlan 

Albert W. Weeks 

Wallace Ralston 

O. L. Brace 


Northern Louisiana and Arkansas 
General Symposium on Micropaleontology and Stratigraphy of California Cretaceous 
and Tertiary (see page 292 for later announcement) 


Merle C. Israelsky 
W. P. Woodring 


Marcus A. Hanna and 
Donald Gravel 


Charles Canfield 


H. H. Bradfield 
H. L. Durgan 


Notes on Marysville Butte Foraminifera 
Paleogeographic Implications of Larger Fossils from the 
Repetto Formation of the Los Angeles Basin 


A New Lepidocyclina Horizon in the Heterostegina Zone 
of the Upper Oligocene of Texas and Louisiana 

Stratigraphy and Paleontology of the Santa Barbara Val- 
ley Field, Santa Maria, California 

New Names for Pennsylvanian Ostracoda (by title) 

Species of the Genus Cytheropteron from the Weno 
formation (Middle Washita) of Southern Oklahoma and 
Northern Texas (by title) 
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ASSOCIATION COMMITTEES 


EXECUTIVE COMMITTEE 
Rapa D. REED, chairman, Los Angeles, California 
Cuas. H. Row, secretary, San Antonio, Texas 
A. I. Levorsen, Tulsa, Oklahoma 
C. E. Dossin, Denver, Colorado 
L. C. Snmwer, New York, N.Y. 


GENERAL BUSINESS COMMITTEE 


Artuur A. Baker (1938) H. B. Fuqua (1937) Cuas. H. Row (1937) 

R. F. Baker (1937) L. W. Henry (1937) G. W. ScHNEIDER (1937) 

Wittram A. BAKER (1937) Harowp W. Hoots (1938) GayLeE Scott (1937) 

Roy M. Barnes (1937) J. Haran Jounson (1937) E. F. (1937) 

Rosert L. CANNON (1937) A. I. Levorsen (1937) L. C. Snmper (1937) 

C. G. CaRLson (1938) Taeopore A. Link (1937) Cuare J. STaFroRD (1937) 

Ina H. Cram (1937) Geratp C. Mappox (1937) J. D. Tuompson, Jr. (1938) 

Tuornton Davis (1937) J. J. Maucrnt (1938) Louts N. WATERFALL (1937) 

Frank W. DeWotr (1937) James G. Montcomery, Jr. (1937) E. A. WENDLANDT (1937) 

C. E. Dossin (1937) Kennetu DALE OWEN (1937) Geracp H. Westy (1937) 

J. Brian Esy (1938) Ratps D. REED (1938) Maynarp P. (1937) 
R. E. Retrcer (1938) Net H. Witts (1937) 


RESEARCH COMMITTEE 
Donatp C. Barton (1939), chairman, Humble Oil and Refining Company, Houston, Texas 
Harotp W. Hoots (1939), vice-chairman, Union Oil Company, Los Angeles, California 
M. G. CHENEY (1937), vice-chairman, Coleman, Texas 


Rosert H. Dorr (1937) Joun G. BartTRAM (1938) C. W. Tomiinson (1938) 
K. C. Heap (1937) C. E. Dosstin (1938) Gtenn H. Bowes (1939) 
F. H. (1937) STaNLeY HEROLD (1938) W. L. Gotpston (1939) 
H. A. Ley (1937) Tueopore A. Link (1938) W. C. Spooner (1939) 
R. C. Moore (1937) C. V. MILirKan (1938) Parker D. Trask (1930) 
F B. Prommer (1937) Joun L. Ric# (1938) 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 


Freperic H. LAwee (1937) 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Ira H. Cram, chairman, Pure Oil Company, Tulsa, Oklahoma 


Joun G. BARTRAM G. D. Hanna Ep. W. OwEN 

M. G. CHENEY M. C. IsRAELSKY J. R. REEvEs 

ALEXANDER DEUSSEN A. IL. LEvorsEN ALLEN C. TESTER 

B. F. Hake C. L. Moopy W. A. Tuomas 
R. C. Moore 


TRUSTEES OF REVOLVING PUBLICATION FUND 
Rapa D. REED (1937) Ben F. Hake (1938) . V. How tt (1939) 


TRUSTEES OF RESEARCH FUND 
G. C. GestEr (1937) A. A. Baker (1938) Atex W. McCoy (1939) 


FINANCE COMMITTEE 
E. DeGotyer (1937) Tuomas S, Harrison (1938) W. B. Heroy (1939) 


COMMITTEE ON APPLICATIONS OF GEOLOGY 
FRANK RINKER CLARK, chairman, Box 981, Tulsa, Oklahoma 


H. ATrKINson Carey CRONEIS S. E. Stripper 
Artuur E. H. B. Hitt H. S. McQueen 
Ira Orno Brown Eart P. Hinpes E. K. Soper 
Hat P. ByBee Marvin Lee J. M. VeTTEr 
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Memorial 


ROBERT MASSIE WHITESIDE 
(1895-1936) 


Robert Massie Whiteside was born in Carthage, Missouri, December 17, 
1895, and received his early education in various schools of southeastern 
Kansas, Missouri, and the state of Washington. 

Prior to 1917 he was employed by his father, H. H. Whiteside (deceased) 
in zinc smelting and oil and gas exploration in Kansas. He was in the United 
States Army from April, 1917, to December, 1918, attaining the rank of Second 
Lieutenant. During the period 1918 to 192c he was employed by the United 
States Shipping Board in New York. From February, 1922, to October, 1923, 
he was employed by the Sinclair Oil and Gas Company, Tulsa, in surface and 
subsurface geology. He was engaged in independent surface and subsurface 
geology in Cherryvale, Kansas, from September, 1923, to April, 1924. From 
1924 to August, 1929, he was again in the employ of Sinclair Oil and Gas 
Company, this time as paleontologist and stratigrapher. In August, 1929, 
he joined the exploration department of the Shell Petroleum Corporation in 
Oklahoma City and Tulsa as stratigrapher and continued in that position 
until March, 1936, when he left to enter the oil business for himself. His first 
venture around the Grapeland prospect, Houston County, Texas, seemed 
successful, and he was engaged in developing these interests at the time of 
his death. 

Bob’s energy and natural ability are attested by the fact that he did not 
receive university training or any schooling in geology, yet achieved a place 
in the study of Paleozoic stratigraphy. He was one of the few persons to re- 
ceive the honor of membership in the American Association of Petroleum 
Geologists without having had college training. He was also a member of the 
Paleontological Society of America, Tulsa Stratigraphic Society, and Tulsa 
Geological Society. Many long and tedious hours day and night were spent 
in grooming himself for stratigraphic and paleontological work in both the 
field and laboratory. In this he exhibited a remarkable tenacity of purpose. 

Worthy of especial note are Bob’s contributions to the taking and study 
of drill cuttings, two papers on which were published in the Bulletin of the 
American Association of Petroleum Geologists; also, the many surface sec- 
tions sampled, which to-day are standards for certain portions of the Mid- 
Continent for several of the major companies. 

In August of 1928 he was married to Katherine Miller, who with one son, 
Robert, aged 2 years, survives him. He is also survived by Mrs. H. H. White- 
side of Seattle, Washington, and two brothers, Harlow, also of Seattle, and 
Allen, of Tulsa. 

In the summer of 1936 Bob received injuries in an automobile accident 
from which he never fully recovered. These injuries led him into ill health 
and he died, November 19, 1936, in Dallas, Texas. 

Freperic A. 
Tusa, OKLAHOMA 
January 9, 1937 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


A. F. Morris has been appointed chief geologist of the Empire Oil and 
Refining Company, filling the vacancy made by the resignation of J. M. 
NisBET. RoBERT L. Kipp has been made assistant chief geologist. 


H. R. Kas has been made district geologist in the Louisiana-Arkansas 
office of the Shell Petroleum Corporation in Shreveport. 


Lon Turk, consulting geologist, who recently completed a survey of the 
Oklahoma City field, discussed that area in a lecture at a special meeting of 
the Oklahoma City Geological Society. Slides and maps were used. The 
lecture was open to visiting oil men attending the Independent Petroleum 
Association meeting. 


RICHARD WERNER of Fort Worth, Texas, mechanical engineer, born and 
educated in Germany, addressed the Forth Worth Geological Society, De- 
cember 3. He has just returned from Germany and spoke on “Germany of 
To-Day.” 


E. M. Cxosutt, formerly of Dallas, is now a member of the firm, Murchison 
and Closuit, Inc., Alamo National Building, San Antonio, Texas. 


L. G. Hunttey, of Huntley and Huntley, Pittsburgh, left New York, 
November 18, for several months’ professional work in Europe. 


C. W. SANDERS returned from The Hague in December and may be ad- 
dressed in care of the Shell Petroleum Corporation, Shell Building, Houston, 
Texas. While in Europe he visited oil fields and studied salt structures in 
Germany and Roumania. 


Dana Hoean, president of the Hogan Petroleum Company, was elected 
chairman of the Wildcat Committee of the California Oil and Gas Associa- 
tion; FRANK MorGav, vice-president of the Rio Grande Oil Company, vice- 
chairman; J. R. PEMBERTON, oil umpire of California, treasurer. 


LELAND W. JonEs, of the Ohio Oil Company, has been elected president 
of the Oklahoma City Geological Society. E. A. PascHAt, of the Coline Oil 
Company, was elected vice-president and Harry E. Crockett, consulting 
geologist, secretary-treasurer. 


M. ALBERTSON, Shell Petroleum Corporation research engineer, Houston, 
has been appointed chairman of a study committee on well spacing by the 
American Petroleum Institute division of production. 


Epcar D. KLInceEr, consulting geologist, San Angelo, Texas, has been 
appointed chief geologist for the Lion Oil Refining Company, El Dorado, 
Arkansas, succeeding Matcotm E. WItson. 


Ruse Corvutta, San Antonio, has resigned from the geological depart- 
ment of the Windsor Oil Company, to enter the consulting field. 
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E. H. Frvcu, of San Antonio, Texas, has returned to the States after 
several months’ geological work in Cuba. 


J. L. Marurev, of the Schlumberger Well Survey Corporation, Houston, 
Texas, addressed the Fort Worth Geological Society, December tro. He dis- 
cussed the Schlumberger surveys in wells of West Texas and southeastern 
New Mexico. 


P. M. Brrpsonc has recently become assistant in the West Texas geo- 
logical department of the Plymouth Oil Company. His address is Box 575, 
Texon, Texas. 


GEOFFREY JEFFREYS is in the geological division of the Southern Natural 
Gas Company, Watts Building, Birmingham, Alabama. 


Tuomas F., Strep has accepted a position as petroleum engineer with the 
United States Geological Survey, Federal Building, Casper, Wyoming. 


BENO GUTENBERG, professor of geophysics and meteorology in the Cali- 
fornia Institute of Technology, gave an illustrated lecture on ‘‘Earthquakes” 
before the chapter of the Society of Sigma Xi of the University of California 
at Los Angeles, December 2. 


GrEorGE Ortts SmitTH spoke at a joint meeting of the Gulf Coast Section 
of the American Institute of Mining and Metallurgical Engineers and the 
Houston Geological Society in the Houston Club, December 18. 


F. E. MarsHatt, formerly geologist for the Signal Oil Company is now 
with Snowden and McSweeney Company, Fort Worth. He is in camp of a 
new district office in Wichita, Kansas. 


Oscar HATCHER, formerly chief geologist for E. H. Moore, Inc., resigned 
to become a consulting geologist. He will continue to make his home in Ada, 
Oklahoma. 


WEsL-Ey G. Gisu has resigned as head of the land and geological depart- 
ments of the southern division of the Sinclair Prairie Oil Company to become 
vice-president in charge of exploration and director of the Transwestern Oil 
Company, Colcord Building (Box 1966), Oklahoma City, Oklahoma. E. L. 
DEGOLYER is a director of the Transwestern Oil Company. 


B. F. Hake, division geologist for the Gulf Oil Corporation in Michigan, 
recently gave an address on “‘Exploring the Field of Geological Argument” at 
the organization meeting of the Central Michigan Geological Society. 


E. L. Porcu, of San Antonio, Texas, is resident geologist for the Fullerton 
Oil Company and CLAupDE V. BirKHEAD is Texas manager of the company. 


The Fort Worth Geological Society has elected the following officers for 
the coming year: president, Roy REYNOLDs, consulting geologist; vice-presi- 
dent, A. L. Ackers, Stanolind Oil and Gas Company; secretary, R. D. 
SPRAGUE, Sinclair Prairie Oil Company. 


A. Lynpon BELL, formerly with the Colombian Petroleum Company, may 
now be addressed at 26 Tanah Abang West Batavia-Centrum, Java, Dutch 
East Indies. Bell recently married and was accompanied by Mrs. Bell to Java. 
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James FirzGEratp, Jr., of the Skelly Oil Company, was elected presi- 
dent of the West Texas Geological Society; M. B. Aricx, of the Humble Oil 
and Refining Company, vice-president; and Joun M. Hits, of the Amerada 
Petroleum Corporation, secretary-treasurer. 


E. C. Moncrter has resigned as chief geologist for the Derby Oil Com- 
pany and will be associated with D. R. Laucx, Wichita producer, in Kansas 
operations. The firm will be known as Lauck and Moncrief. 


James FirzGErap, Jr., formerly district geologist for the Skelly Oil 
Company in West Texas and New Mexico, is now the head of the district 
land department, with headquarters at Midland, Texas. Dana M. SEcor, 
geologist in the Panhandle district, was transferred to Midland to replace 
FitzGerald as geologist. Wirtarp F. succeeds Secor. W. C. Fritz 
will be production geologist for the West Texas-New Mexico division under 
Secor. 


N. H. Darton, after nearly 51 years of Government service, most of 
which was spent with the United States Geological Survey, was retired on 
December 31 at the end of a year’s presidential extension of the date. Being 
in fine condition, he plans to continue work on some unfinished reports, but 
will devote considerable time to private practice. 


H. W. Hatcut, formerly of Monterrey, N. L., Mexico, has been trans- 
ferred to Ebano, S. L. P., where he will be field superintendent for the 
Huasteca Petroleum Company. 


Evan Just, formerly petroleum engineer with the Carter Oil Company, 
at Seminole, was appointed secretary of the Tri-State Zinc and Lead Ore 
Producers Association with headquarters at Miami, Oklahoma, effective 
January 1. He succeeds M. D. Harsaucu, who was elected vice-president of 
the Lake Superior Iron Ore Association with offices in Cleveland, Ohio. 


L. R. Laupon, of the department of geology at the University of Tulsa, 
spoke before the Tulsa Geological Society, January 4, on ‘‘Researches of the 
Mississippian.” 

LEAVITT CORNING, JR., read a paper, ‘‘Geology and Magnetics in Proven 


Fields,” before the San Antonio Geological Society, San Antonio, Texas, 
December 21. 


The Tennessee Division of Geology, WALTER F. Ponp, State geologist, 
is now established in its new quarters at 426 Sixth Avenue, North, Nashville. 
The offices are on the second floor of the new State Highway Building. 


The Southern Louisiana Geological Society held its regular monthly 
meeting in the Majestic Hotel, Lake Charles, Louisiana, January 4, 1937. 
Following a luncheon, a regular business meeting was held. These officers 
for the coming year were elected: C. IVAN ALEXANDER, Magnolia Petroleum 
Corporation, president; J. S. KrrKENDALL, Amerada Petroleum Corpora- 
tion, vice-president; W. R. CanapA, Stanolind Oil and Gas Company, secre- 
tary; and BAKER Hoskins, Shell Petroleum Corporation, treasurer. 


Rosert S. CLARK, microscopist with The Texas Company at the Kansas 
district office in Wichita for the past 2 years, resigned effective December 15 
and is now associated with the consulting firm of Lerke and Whortan, 423 
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Union National Bank Building, Wichita, Kansas. F. E. METTNER of The 
Texas Company has been transferred from the Tulsa office to take the posi- 
tion of microscopist in the Wichita office. 


The Wichita Micropaleontological Society met on November 31, at the 
Science Hall, Wichita University. Professor WALTER A. VER WIEBE was 
speaker of the evening. His address was “The Stratigraphy of the Wellington 
Formation.” 


Raymonp C. Moore, Kansas State geologist, spoke on ‘“‘The Coal Meas- 
ures of Europe,” before the Kansas Geological Society at Wichita, November 
18. 


The Kansas Geological Society held its annual banquet and election of 
officers the evening of December 16 at the Allis Hotel, Wichita. The follow- 
ing officers were elected for the year 1937: president, J. I. DANIELS, Pryor 
and Lockhart; vice-president, A. E. CHEYNEy, Ohio Oil Company; secretary- 
treasurer, Vircit B. Core, Gulf Oil Corporation; member of advisory board, 
Tuomas H. Atian, Twin Drilling Company. 


E. S. SHaw presented a paper on “Oil Possibilities of Apache County, 
Arizona,”’ before the Rocky Mountain Association of Petroleum Geologists, at 
Denver, Colorado, January 4. 


The following officers of the Rocky Mountain Association of Petroleum 
Geologists have been elected for the coming year: president, H. W. OBoRNE, 
Box 57, Colorado Springs; 1st vice-president, E. H. Hunt, Box 2100, The 
Texas Company, Denver; 2nd vice-president, W. O. THompson, University of 
Colorado, Denver; secretary-treasurer, J. HARLAN JOHNSON, Box 336, Golden, 
Colorado. 


The Tulsa Geological Society elected the following officers, January 4: 
president, FrEpERIc A. Busnu, Sinclair Prairie Oil Company; 1st vice-presi- 
dent, RoBErt J. Riccs, Stanolind Oil and Gas Company; 2nd vice-president, 
CHARLES G. CARLSON, Peerless Oil and Gas Company; secretary-treasurer, 
CLARK MILLISON, consulting geologist; editor, CLypE G. STRACHAN, Gulf 
Oil Corporation. 


V. R. D. Kirxuam is the author of ‘Conservation and Stabilization 
Synonymous,” published in the California Oil World, Vol. 29, No. 22 (Decem- 
ber 17, 1936), pp. 6-9. 


CHESTER W. WASHBURNE, consulting geologist, 149 Broadway, New 
York, is re-examining parts of Cuba. 


The Southwestern Geological Society, the Bureau of Economic Geology, 
and the Department of Geology of the University of Texas, Austin, sponsored 
a field trip, February 13, including visits to near-by Tertiary and Cretaceous 
outcrops and to the older rocks of the Central Mineral Region. Following 
an informal dinner at the University Commons, PARKER D. Trask of the 
United States Geological Survey spoke on “‘Source Beds of Petroleum.” 


After spending 3 months on vacation at his home in Denver, Colorado, 
Louts C. Sass has returned to Maracaibo, Venezuela, as assistant stratigra- 
pher for the Venezuela Gulf Oil Company. 
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H. Gorpon Damon is president and H. B. STENZEL, of the University 
of Texas Bureau of Economic Geology, is secretary-treasurer of the South- 
western Geological Society, Austin, Texas. 


The Panhandle Geological Society, Amarillo, Texas, has elected the fol- 
lowing officers: president, JouHn E. Gattey, Shell Petroleum Corporation; 
vice-president, G. L. Knicut, Phillips Petroleum Corporation; secretary- 
treasurer, C. C. HEMSELL, Columbian Fuel Corporation. 


W. E. Heater, of the Standard Oil Company of California, has recently 
returned from 3 years’ duty in the Dutch East Indies. During the last year of 
his stay in that area he was doing geological work in New Guinea. 


Ricuarp C. Kerr, formerly with the Continental Air Map Company, 
has become a member of the geological staff of the Standard Oil Company of 
California with headquarters at Bakersfield. The past summer Kerr was em- 
ployed by the Inniskin Oil Company as a geologist during the operations of 
this company in Alaska. ~ 


W. F. Jenks spoke before the Rocky Mountain Association of Petroleum 
Geologists, Denver, Colorado, January 18, on the “Structure and Stratigra- 
phy of the Belt Series North of the Coeur d’Alene District.” 


J. L. GREENFIELD, of the Seismograph Service Corporation, Tulsa, spoke 
on ‘‘The Applications of Seismograph work in West Texas,” before the West 
Texas Geological Society, Midland, Texas, January 22. 


The following officers were elected at the annual meeting of the Ardmore 
Geological Society: president, Linn M. Fartsu, Sinclair-Prairie Oil Company, 
Ardmore; vice-president, Epwin I. THompson, Phillips Petroleum Com- 
pany, Ardmore; secretary-treasurer, O. A. SEAGER, Carter Oil Company, 
Box 815, Wilson, Oklahoma. 


The Shell Petroleum Corporation has opened a district office for East 
Texas area at 2133 South Broadway, Tyler, Texas (P. O. Box 2037). A. C. 
Wricut has been transferred from Shreveport as district geologist, C. L. 
HEROLD from Houston as assistant, and P. M. RoGGEVEEN from The Hague 
as stratigrapher. 


STANLEY G. WIssLER, Union Oil Company of California, chairman of the 
program committee of the Division of Paleontology and Mineralogy, an- 
nounces the following details for the half-day symposium on micropaleontol- 
ogy and stratigraphy of California mentioned on page 285 of this Bulletin: 
Cretaceous, Paut P. Goupkorr, leader; Eocene, FraNK TOLMAN, leader; 
Oligocene and Miocene, leaders to be selected; Pliocene, H. L. DRIvER and 
W. F. Barat, leaders; Pleistocene, leader to be selected. In the case of the 
Miocene, all important oil-producing districts will be covered. In addition, 
an elaborate stratigraphic and faunal exhibit, including core samples and 
micro- and mega-fossils, is being arranged for the Los Angeles and the San 
Joaquin Valley regions. 
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PROFESSIONAL DIRECTORY 


S for Professional 


Cards Is Reserved for 


embers of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 1852, Tulsa, Oklahoma 


CALIFORNIA 


WILLARD J. CLASSEN 
Consulting Geologist 
Petroleum Engineer 
1093 Mills Building 
SAN FRANCISCO, CALIFORNIA 


RICHARD R. CRANDALL 


Consulting Geologist 
404 Haas Building 
LOS ANGELES, CALIFORNIA 


J. E. EATON 
Consulting Geologist 


2062 N. Sycamore Avenue 
LOS ANGELES, CALIFORNIA 


PAUL P. GOUDKOFF 
Geologist 


Geologic Correlation Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
Los ANGELES, CALIFORNIA 


Cc. R. McCOLLOM 
Consulting Geologist 


Richfield Building 
Los ANGELES, CALIFORNIA 


WALTER STALDER 
Petroleum Geologist 


925 Crocker Building 
SAN FRANCISCO, CALIFORNIA 


IRVINE E. STEWART 
Consulting Geologist 


548 Subway Terminal Building 
Los ANGELES, CALIFORNIA 


JACK M. SICKLER 
Geologist 


Pacific Mutual Building 
Los ANGELES, CALIFORNIA 


COLO 


RADO 


HEILAND RESEARCH CORPORATION 
Registered Geophysical Engineers 
— Instruments — 
— Surveys — Interpretations — 


C. A. HgILAND Club Bidg. 
President Denver, COoLo. 


JOHN H. WILSON 
Geologist and Geophysicist 


Colorado Geophysical Corporation 
610 Midland Savings Building, Denver, COLORADO 
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CZECHOSLOVAKIA 


OKLAHOMA 


DR. HANS HLAUSCHEK 
Consulting Geologist 


Prague XVI, nabr. legif 10 
CZECHOSLOVAKIA 


MALVIN G. HOFFMAN 
Geologist 


Midco Oil Corporation 
Midco Building 


TULSA, OKLAHOMA 


KANSAS 


R. B. (IKE) DOWNING 
Geological Engineer 
Pi ing—Drilling in—Sample determinati 
Magnetic Surveys 


Union National Bank Bldg. WICHITA, KANSAS 


L. C. MORGAN 
Petroleum Engineer and Geologist 
Specializing in Acid-Treating Problems 


358 North Dellrose 
Wicnita, Kansas 


LOUISIANA 


J. Y. SNYDER 


1211 City Bank Building 
SHREVEPORT, LOUISIANA 


No Commercial Work Undertaken 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 
Specializing in Magnetic Surveys 


Giddens-Lane Building SHREVEPORT, La, 


NEW MEXICO 


NEW YORK 


RONALD K. DEFORD 


BROKAW, DIXON & McKEE 


Geologist Geologists Engineers 
New Mexico Texas 
B 
NEW YORK 
FREDERICK G. CLAPP A. H. GARNER 
t 
Consulting Geologist 
PETROLEUM 
50 Church Street NATURAL GAS 
— 120 Broadway New York, N.Y. 
OHIO PENNSYLVANIA 
JOHN L. RICH HUNTLEY & HUNTLEY 
Petroleum Geologists 
Geologist and Engineers 
Specializing in extension of “‘shoestring’’ pools L. G. Huntiey 
J. R. Write, Jr. 


University of Cincinnati 
Cincinnati, Ohio 


Grant Building, Pittsburgh, Pa. 
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OKLAHOMA 


ELFRED BECK 
Geologist 


614 National Bank of Tulsa Building 
TULSA OKLAHOMA 


GINTER LABORATORY 


CORE ANALYSES 
Permeability 
Porosity 


Reserves 
R. L. GINTER 


Owner 118 West Cameron, Tulsa 


W. V. HOWARD 
Geologist 
J. G. WRAY & CO. 


Operation—Appraisal 


615 Wright Bldg. 3324 Bankers Bldg. 
TULSA CHICAGO 


MID-CONTINENT TORSION BALANCE SURVEYS 
INTERPRETATIONS 
KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geophysicist 


404 Broadway Tower Enid, Oklahoma 


R. W. Laughlin L. D. Simmons 
WELL ELEVATIONS 


GEO. C. MATSON 


Oklahoma, Kansas, Texas, and 
lew Mexico Geologist 
LAUGHLIN-SIMMONS & CO. 
605 Oklahoma Gas Building Philcade Building Tusa, OKLA. 
TULSA OKLAHOMA 
TEXAS 
G. H. WESTBY 
D’ARCY M. CASHIN 

Geologist and Geophysicist Geologist Engineer 


Seismograph Service Corporation 


Specialist, Gulf Coast Salt Domes 


Examinations, Reports, Appraisals 
Estimates of Reserves 


Kennedy Building Tulsa, Oklahoma 
705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 
TEXAS 
E. DEGOLYER ALEXANDER DEUSSEN 
Geologist Consulting Geologist 
Esperson Building 


Houston, Texas 
Continental Building 


Specialist, Gulf Coast Salt Domes 
1606 Shell Building 


Dallas, Texas HOUSTON, TEXAS 
F. B. Porter H. 
DAVID DONOGHUE President 
Consulting Geologist THE FORT WORTH 
LABORATORIES 


Appraisals - Evidence - Statistics 


Fort Worth National FORT WORTH, 
Bank Building TEXAS 


Analyses of Brines, Gas, Minerals, Oil. Inter- 
pretation of Water Analyses. Field Gas Testing. 
82842 Monroe Street FORT WORTH, TEXAS 
Long Distance 138 
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TEXAS 
J. S. G. W. Pirtie 
DONALD C. BARTON 
HUDNALL & PIRTLE Geologist and Geophysicist 
Petroleum Geologists Humble Oil and Refining 
Company 
Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 
W. P. JENNY 
JOHN S. IVY Geologist and Geopbysiciss 
United Gas System Gravimetric Seismic 
Magnetic Electric 
921 Rusk Building, HOUSTON, TEXAS Surveys and Interpretations 


2102 Bissonett HOUSTON, TEXAS 


PHILLIP MAVERICK 
Petroleum Geologist 


DABNEY E. PETTY 


Geologist and Geophysicist 
Specializing in Gravity Work 
1312 Esperson Building Phone 4139 


Geologist 
Western Reserve Life Building 
P. O. Drawer 1477 SAN ANTONIO, TEXAS 
SAN ANGELO TEXAS 
E. E. Rosaire F. M. Kannenstine 
. T. SCHWENNESEN 
ROSAIRE & KANNENSTINE 
Consulting Geopbysicists ogist 
1517 Shell Building 
Esperson Building HOUSTON, TEXAS HOUSTON TEXAS 
OLAF F. SUNDT W. G. Savittz J. P. ScoumacHer A. C. PaGan 


TORSION BALANCE 
EXPLORATION CO. 


Torsion Balance Surveys 


1404-10 Shell Bldg. Phone: Capitol 1341 
HOUSTON TEXAS 


HAROLD VANCE 
Petroleum Engineer 
Petroleum Engineering Department 
A. & M. College of Texas 
COLLEGE STATION, TEXAS 


E. W. KRAMPERT 
Consulting Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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GEOLOGICAL AND GEOPHYSICAL 


COLORADO KANSAS 
ROCKY MOUNTAIN KANSAS 
ASSOCIATION OF PETROLEUM GEOLOGICAL SOCIETY 
GEOLOGISTS WICHITA, KANSAS 
DENVER, COLORADO President - J. I. Daniels 
‘ ryor 
President - W. Oborne Vice-President - - - -  A.E. Cheyney 
x 37, Colorado Springs Ohio Oil Company 
1st Vice- “President Tere % Company E. H. Hunt Secretary-Treasurer - Virgil B. Cole 
2nd Vice-President - Ww. O. Thompson Gulf Oil Corpo ration 
University of Coloradg Regular Meeti 7:30 P.M., Allis Hotel, first 


Secretary-Treasur J. Harlan Johnson 
Box 336, Colorado School of Mines, Goldea, Colo. 


Luncheon meetings, first and third Mondays of 
each month, 6:15 P.M., Auditorium Hotel. 


Tuesday of Visitors cordially’ wel- 
comed. 

The Society sponsors the Kansas Well Log Bureau 
— is located at 412 Union National Bank 
uilding. 


LOUISIANA 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 


SHREVEPORT, LOUISIANA 


President - - - Shapleigh G. Gray 
The “Texas Company 
Vice-President - H. K. Shearer 
The Hunter Company, Inc. 


Secretary-Treasurer C. R. McKnight 
Arkansas Fuel Oil Company 


Meets the first Friday of eve: Lom Civil Courts 


THE SOCIETY OF 
PETROLEUM GEOPHYSICISTS 


President W. Blau 
Humble Oil and Refining 
Houston, Texas 
Seismograph Service ration 
Editor - - F. M. Kannenstine 
Rosaire and Kannenstine 
2011 Esperson Building 
Houston, Texas 
Secretary-Treasurer - John H. Wilson 
Colorado Geo; hy sical 


Room, Caddo Parish Court Luncheon every 610 — Savings Building 
Friday noon, Caddo Hi Denver, Colorado 
OKLAHOMA 
OKLAHOMA CITY SHAWNEE 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA SHAWNEE, OKLAHOMA 
President - Leland W. Jones 

Ohio “Oil Company, Edmond Amerada Petroleum 
Vice-President -__E. A. Paschal Vice-President - - - Don L, Hyatt 
Coline Oil Company Carter Oil Company 
Secretary-Treasurer - H. L. Crockett - M. C. Roberts 


er 
Colcord Building 


Meetings: Second Monday, each month, 8:00 se M., 
Exchange Building. Luncheons: 
Monday, 12:15 p.M., Commerce Exchange Building, 


The Texas Company 


Meets the fourth Monday of each month at 8:00 
P. > , at the Aldridge Hotel. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


President - Joseph L. Borden 
The Pure Oil 

Vio -_ Constance Leatherock 

The Tide Water B Company 


Secretary-Treasurer - V. Hollingsworth 
Shell Petroleum Gueiiin Box 1191 


Meetings: Second and Ay. Wednesdays, each 
month, from to May, inclusive, at 8:00 
p.M., third floor, Tulsa Building. 


LSA 


TU 
GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 
President - - - Frederic A. Bush 
Sinclair Prairie Oil 
1st Vice- Sresiaent - rt J. Riggs 
Stanolind Oil and Gas Lompes 
2nd Vice-President - - - Charles G. Carlson 
Peerless Oil and ‘Gas Compan 
Secretary-Treasurer - - Millison 
1740 South St. Louis 
Editor - - - - Clyde G. Strachan 
Gulf ‘Oil Corporation 
Meetin Fon on third Mondays, each month, 
from May, inclusive, at 8:00 P.M., 
fourth Tulsa Building. Luncheons: Every 
Thursday, fourth floor, Tulsa Building. 
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For Space Apply to A.A.P.G. Headquarters 
SOCIETIES Box 1852, Tulsa, Oklahoma 
TEXAS 
FORT WORTH 
PETROLEUM GEOLOGISTS GEOLOGICAL SOCIETY 
DALLAS, TEXAS FORT WORTH, TEXAS 
President - - Reynolds 
Chastes B. Conpenter Fort Worth “National 
U. 's. Bureau of Mines Vice-President - - - A. L. Ackers 
Stanolind Oil and Gas Company 
912 Tower "Petroleum Building Secretary-Treasurer - - R. D. Sprague 


| R. A. Stehr 
exas Seaboard | Oil Company 


Meetings will be announced. 


Sinclair Prairie Oil Company 


eetings: Luncheon at noon, Worth Hotel, every 
oe Special meetings called by executive com- 
mittee. Visiting geologists are “Lien to all 
meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 


President - - Phil F. Martyn President - Cosa S. G. Waggoner 
ualtin Geol ist 
Houston Oil Company of First Bank 
Vice- - Brace W. Weeks 
3 Second ‘National Bank "Building hell Petroleum 
- Frank Bundy 
Secretary-Treasurer - - Wallace C. Thompson Com 
General Crude Oil Company, Esperson Building Humble Oil and Gas vite 
Meeti Second Friday, each month, at 6:30 P.M 
Regu every Thursday at noon (12:15) Lendhoeast Fourth Friday, each month, at 12:15 


at x3 ‘Club? Frequent special meetings 
called by the executive committee. For any par- 
ticulars pertaining to meetings call the secretary. 


P.M. 
Place: Hamilton Building 


EAST TEXAS GEOLOGICAL WEST TEXAS GEOLOGICAL 
SOCIETY SOCIETY 
SAN ANGELO AND MIDLAND, TEXAS 
President - - - John W. Clark 
Magnolia Petroleum Company President - - - - - - = es FitzGerald, Jr. 
Vice- - 4 on B. Mitchell Vice-Presi Oil Co., Midland M. B. Arick 
etary-Treasurer 
Empire Gas and Fuel Company Midland’ 


Meetings: Monthly ‘and by call. 
Luncheons: Every Friday, Cameron's Cafeteria. 


Meetings will be announced 


SAN ANTONIO GEOLOGICAL 
SOCIETY 
SAN ANTONIO, TEXAS 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


President - one iat _—or Adolph Dovre CHARLESTON, WEST VIRGINIA 
ilam Building lings! 
‘ Saltillo, 401 Union Building 
ecretary-Treasurer owlan Vice-President- - - I. B. Brownin, 
Darby Petroleum Corporation Consultin; Geologist and Producer ” 
Executive Committee - - - -. J. M. Dawson Second National Bank Building, 


and W. K. Esgen 


Meetings: Third Monday of each oun at 8 P.M. 
at the roleum Club. Luncheons every Monday 
noon except third Monday of month at Petroleum 
Club, Alamo National Building. 


Ashland, Kentucky 


Godfrey L. Cabot, Inc., Box 348 


wy second Monday, each month, at 6:30 
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WELL LO GS Refer your Well Log Problems 


to Specialists 


Write for samples 
THE MID-WEST PRINTING CO., BOX 766, TULSA, OKLAHOMA 


A New A.A.P.G. Book 


GEOLOGY OF THE TAMPICO REGION, MEXICO 


280 pp., 56 illus. Cloth. 6 x 9 inches. 
$4.50 ($3.50 to A.A.P.G. members and associates) 
American Association of Petroleum Geologists, Box 1852, Tulsa, Oklahoma 


REVUE DE GEOLOGIE REVIEW OF GEOLOGY 
et des Sciences connexes and Connected Sciences 
RASSEGNA DI GEOLOGIA RUNDSCHAU FUR GEOLOGIE 
e delle Scienze affini und verwandte Wissenschaften 


Abstract sgrent published monthly with the codperation of the FONDATION UNIVERSITAIRE DE 

BELGIQUE and under the auspices of the SOCIETE GEOLOGIQUE DE BELGIQUE with the collabora- 

tion of several scientific institutions, geological surveys, and correspondents in all countries of the world. 
GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 


TREASURER, Revue de Géologie, 35, Rue de Armuriers, Liége, Belgium. 


Subscription, Vol. XVI (1936), 35 belgas Sample Copy Sent on Request 
The Annotated 
ee 99 
Bibliography of Economic Geology Petroleum 
Vol. Vill, No. 2 Magazine for the interests of the whole 
Is Now Ready Oil Industry and Oil Trade. 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I, II, 
III, IV, V, VI, and VII can still be ob- a ’ 
tained at $5.00 each. “Tagliche Berichte 


iiber die Petroleumindustrie” 


Subscription (52 issues per annum) $18 


The number of entries in Vol. I is 


1,756. Vol. II contains 2,480, Vol. III, (“Daily Oil Reports.”’) 
2,260, Vol. IV, 2,224, Vol. V, 2,225, Vol. 
VI, 2,085, and Vol. VII, 2,166. Special magazine for the interests of the whole 
Oil Industry and Oil Trade 
Of these 3,969 refer to petroleum, gas, 
a geophysics. They cover the Subscription: $36 
world. 


If you wish future numbers sent you 
promptly, kindly give us a continuing VERLAG FOR FACHLITERATUR 
order. Ges.m.b.H. 


BERLIN SW. 68, Wilhelmstrasse 147. 


Economic Geology Publishing Co. VIENNA XIX/1, Vegagasse 4. 


Urbana, Illinois, U.S.A. 
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“The Bank Where Oil Men Feel at Home” 


FIRST NATIONAL BANK AND TRUST COMPANY 


FORTY-ONE YEARS OF CONSTRUCTIVE BANKING IN TULSA 


THE GEOTECHNICAL CORPORATION 


Dallas, Texas 


ROLAND F. BEERS , 


902 Tower Petroleum Building 


Telephone L D 711 


Verlag von Gebrider Borntraeger in Berlin und Leipzig 


Einfihrung in die Geologie, ein Lehrbuch der inneren Dynamik, von 


Professor Dr. H. Cloos. Mit 1 Titelbild, 3 Tafeln und 356 Textabbil- 


dungen (XII und 503 Seiten) 1936 


Gebunden RM 24.— 


Lehrbuch der physikalischen Geologie, von Dr. ‘Robert Schwinner, 


Professor fiir Geologie an der Universitat Graz. Band I. Die Erde als 
Himmelskorper. Mit 62 Figuren und 1 Tafel (XII und 356 Seiten) 


1936 


Gebunden RM 16.— 


Die neuere Entwicklung in der Geologie sielt dahin, die Ergebnisse 


der Physik mehr und 6fter heranzuziehen und starker auszunutzen als 
bisher ; so fiir Grundlagen, Theorie und das Weltbild im allgemeinen, aber 
auch in nicht geringem Maf fiir besondere Aufgaben des praktischen 
Lebens (geophysikalische Verfohren im Bergbau usw.) Das Buch will 
dieses Material dem Geologen zuganglich machen. Es ist etwa als weiter 


Lehrgang gedacht, folgend au 
Selbststudium eines elementaren Lehrbuches. 


eine Einleitungsvorlesung oder 


Ausfihrliche Prospekte Einzelwerke kostenfrei 
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“There Can Be No Finer Map 
Than a Photograph of 
the Land Itself” 


EDGAR TOBIN AERIAL SURVEYS 


SAN ANTONIO, TEXAS HOUSTON, TEXAS 
Pershing 9141 Lehigh 4358 
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Catalog No. 397, reproduced above, explains all of the different kinds 
of services available through Schlumberger Well Surveying Corpora- 
tion. Ask for your copy. 


SGHLUMBERGE 


WELL SURVEYING CORPORMA ON 
~@ HOUSTON, U.S.A. 
BLectrical We 


Logging" 
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INDEPENDENT S-EXPLORATION 

+ OFFERING EXPERT: FOR WORK THROUGHOUT THE 

COAST PROVINCE AND (THROUGH SUBSIDIARY COMPANIES) THE UNITED 

STATES. CANADA, MEXICO AND FOREIGN COUNTRIES 
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In Addition to publishing 


293 Engineering 
and Technical 
Articles 


in the 52 issues of 1936, The OIL 
WEEKLY carried weekly field reports 

on all important fields, oil-field maps 
showing geological data, an interpretation of the week’s news, domestic and 


foreign developments of importance, editorials, markets, and statistics. During 
the year 129 different authors contributed to The OIL WEEKLY, of which 
only 14 were staff writers. The remaining 115 authors were engineers, super- 
intendents, geologists, executives and other operating officials actually engaged 
in the oil business. Each author wrote one or more articles. 


THE OIL WEEKLY is proud of its large circulation and popularity among 
petroleum geologists because it indicates that they are pleased with the up-to-date 
and accurate information as well as the technical articles covering geological work. 


If you are not a subscriber, we invite you to use the coupon below. One year— 
52 issues—only $2.00 ; two years—104 issues—only $3.00. 


THE OIL WEEKLY, 
Post Office Drawer 2811, Houston, Texas 


Enter my subscription to THE OIL WEEKLY for which 
company and position— | you will find enclosed check for $2.00 for one year; or $3.00 


Be sure to indicate your 


._ | for two years. 
It will prevent delay in “ 
entering your subscrip- 
tion. 
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To the Aviator 
It’s Altitude 
To the Geologist 
It’s Elevation 


Paulin 


Accepted as the world’s standard for accuracy in the determination of ele- 
vation, the Paulin Surveying aneroid offers the petroleum geologist the 3 
speediest means of completing preliminary surveys, recording contours E 
and otherwise measuring differences in elevation in the field. While ex- R 
tremely sensitive, this instrument is engineered to stand the rigors of a 
field usage, supplying a time and labor saving efficiency approached by a 
no other piece of similar equipment. Send for a free copy of our “Observa- * 
tion Record Book” when you write for information. il 


WRITE FOR LITERATURE 


or see your instrument dealer 


AMERICAN PAULIN SYSTEM ~~. 


1847 SOUTH FLOWER STREET be 
LOS ANGELES, CALIFORNIA 
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A reprint of our General Cinien appearing in the 1937 niin 
Catalog giving detailed descriptions, illustrations and prices of 
Eastman Equipment and Services will be gladly sent upon réquest. 


EASTMAN OIL WELL SURVEY CO. 


DALLAS, TEXAS P.O. BOX 1210 
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UNEXCELLED SERVICE 
and EQUIPMENT 


for 


REFLECTION SEISMIC SURVEYS 


More than 630 crew months experience in 
Antarctica, Canada, Hungary, New Zealand, 
Poland, Rumania, and the United States. 


We have manufactured for ourselves and others, 38 


complete Seismic instruments not including altera- 


tions. All our present equipment is latest type. 


Many new oil fields attest our accuracy. 


OUR WORLD WIDE EXPERIENCE IS AT Be 
YOUR SERVICE ae 


Service Cosporation 


Kennedy Building 
TULSA, OKLAHOMA 
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A New A.A.P.G. Book An Invaluable Record 


GULF COAST OIL FIELDS 


A SYMPOSIUM ON THE GULF 
COAST CENOZOIC 


BY 
FIFTY-TWO AUTHORS 


FORTY-FOUR PAPERS REPRINTED FROM THE BULLETIN 
OF THE AMERICAN ASSOCIATION OF PETROLEUM 
GEOLOGISTS WITH A FOREWORD BY 
DONALD C. BARTON 


EDITED BY 


DONALD C. BARTON 
Humble Oil and Refining Company 


AND 


GEORGE SAWTELLE 
Kirby Petroleum Company 


THE INFORMATION IN THIS BOOK IS A GUIDE FOR FUTURE DISCOVERY 


“In the present volume the geologists of the Gulf Coast ... are attempting to supplement that 
older volume [Geology of Salt Dome Oil Fields] with a partial record of the much new information 
of the intervening decade. . . . The quarter century preceding 1924 was the era of shallow domes... . 
Developments of the new era, however, came on with a rush. .. . The year 1925 saw the beginning 
of the extensive geophysical campaign which is stil sweeping the Gulf Coast. ... The deepest wells 
at the end of the decade are going below 10,000 feet instead of just below 5,000 feet. . . . Great 
increase in the depth of exploratory wells and of production is a safe prediction. . . . The area of 
good production should be extended southward into the Gulf Coast of Tamaulipas, Mexico. It may 
or may not be extended eastward into southern Mississippi. More good production should be ¢s- 
tablished in the belt of the outcrop of the Pliocene, Miocene, and Oligocene. Many new, good oil 
fields should be discovered in the Lissie Beaumont area. . . . The coming decade, therefore, will 
probably be fully as prosperous for the Gulf Coast as the decade which has just passed.”—From Fore- 
word by Donald C. Barton. 


@ 1,084 pages, 292 line drawings, 19 half-tone plates 
@ Bound in blue cloth; gold stamped; paper jacket; 6x9 inches 
PRICE: $4.00, EXPRESS OR POSTAGE FREE 
($3.00 to A.A.P.G. bers and iat bers) 


ORDER FORM 
The American Association of Petroleum Geologists, Box 1852, Tulsa, Oklahoma, U.S.A. 


Enclosed is $.........-, for which please send to the undersigned: ........ copy (copies) of 
the clothbound book Gulf Coast Oil Fields. 


al 
4 | 
a 
4 
| 
4 
he 3 
A 
= “a 
3 


Bulletin of The American Association of Petroleum Geologists, February, 1937 XXV 


DRILL FEWER DRY HOLES THIS YEAR 


Dry holes will never be entirely elimi- 
nated. The use of scientific methods, how- 
ever, will greatly reduce their number. 


You are looking at the most effective 
geophysical instrument known—the Rieber 
Sonograph Analyzer. It is operated in a 
central laboratory by trained experts. 
Sound records of explosions, taken in the 
field, are sent in for diagnosis by this 


1007 BROXTON AVENUE @ LOS ANGELES, CALIFORNIA 


machine. By its use, structures 
which are missed entirely or only 
dimly outlined by other methods 
may be adequately mapped, per- 
mitting accurate control of the 
drilling program. 

A limited number of field 
parties is available for work in 


California, Mid-Continent and 
Gulf Coast Fields. 


HOUSTON, TEXAS 
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PETROLEUM DEVELOPMENT 
AND TECHNOLOGY, 1936 


Transactions A.|.M.E. 
Volume 118 


(536 pages) 


. CONTENTS 
Chapter |. Estimation of Petroleum Reserves. 43 pages 
Chapter II. Production Engineering. 139 pages 
Chapter Ill. Petroleum Economics. 20 pages 


Chapter IV. Production (Statistics) 
Domestic. 23! pages 
Foreign. 76 pages 

Chapter V. Refining. 6 pages 


Cloth bound, $5 to Nonmembers 
Canadian and Foreign Postage $0.60 extra 


A copy has been mailed to members of A.I.M.E. who have previously requested 
it. Members are entitled to this volume without charge, provided they have not 
already received or indicated their choice of another divisional volume. Those 
desiring this volume in addition to any other divisional volume are entitled to 
one copy at the cost price of $2.50. 


The Secretary, American Institute of Mining and 
Metallurgical Engineers 
29 West 39th St., New York, N.Y. 


Please send me............ copies of Transactions, Petroleum Development 
and Technology, 1936. | enclose my check for $.............. 


Remittance with order will be appreciated 
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THE WILDCAT’S FRIEND 


*At least fifteen important oil and gas fields have 


been discovered with the 


Johnston Formation 


Tester. It enables the operator to test every forma- 


tion easily, quickly, and at nominal expense. Many 


strings of casing which would ordinarily have been 
set to test questionable showings have been saved 
by the use of the Johnston Tester. There is no ex- 


M. O. JOHNSTON 


OIL FIELD 
SERVICE corp. 


3117 San ern: 
Los 


PHONES: Los Ai 
Bakerstield 2794, 


cuse for setting casing 
on a ‘wet sand or for 
passing up production 
when a Johnston Tester 
is available. 


in 


EXCLUSIVE FEA- 
TURES OF THE 
JOHNSTON FOR- 
MATION TESTER 


*The Trip Valve inva- 
riably differentiates be- 
tween a test and a drill 
pipe leak. The Equaliz- 
ing Valve (fully covered 
by patents), which en- 
ables the easy removal 
of the packer, elimi- 
nates dangerous strains 
on your equipment. 


RECORDED DEPTH 
PRESSURES 


*Accurate depth pres- 
sure Recorders are run 
as a regular part of 
the Johnston Formation 
Testing service. All re- 
corders are checked regu- 
larly in our modern 
calibrating laboratory. 
No gauge is better than 
its calibration. 


WHY SET CASING BEFORE YOU KNOW 


hnston Tester is covered b 
1,716,604: 1 790,424; 1,84: 


he following U. 8. Letters Senile 
270: 1,901,813. Other Paten 
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BAROID PRODUCTS 


INCLUDE MUDS AND MUD CONDITIONERS FOR 
USE IN SUCCESSFULLY PENETRATING ALL TYPES: 
OF FORMATIONS EXCOUNTERED IN DRILLING 


STOCKS 
BAROID:.. . Extra-Heavy Colloidal Drilling Mud Sie anv 


AQUAGEL: .. . Trouble-Proof Colloidal Drilling Mud MUO 
STABILITE: ... An Improved Chemical Mud Thinner Fare 


ALL ACTIVE 
BAROCO: An Economical, Salt Water-Resisting Drill- : OILFIELOS OF 


ing 
FIBROTEX: Preven or Lost Circu- 


BAROID SALES DEPARTMENT 
NATIONAL PIGMENTS & CHEMICAL DIVISION At 


NATIONAL LEAD COMPANY 
BAROID SALES OFFICES—LOS ANGELES -TULSA+HOUSTON 


Invertebrate Paleontology 


By WILLIAM H. TWENHOFEL 


Professor of Geology and Paleontology, University of Wisconsin 


and ROBERT R. SHROCK 


Assistant Professor of Geology and Paleontology, University of Wisconsin 


511 pages, 6x9, 175 illustrations, $5.00 


i eer textbook has as its objective the presentation 
of invertebrate paleontology in a way that will 


Chapter Headings 


I. INTRODUCTION serve as an adequate introduction for the beginner in 
II. Prorozoa this field, and that will bring out the relation of fossils 
III. PortFERA to their environment and their various places along 
IV. CoELENTERATA the path of geologic time. 
V. Worms 
VI. EcHINopERMA ORDER FROM 
on The American Association of 
IX. Motrusca Petroleum Geologists 
Box 1852, Tulsa, Oklahoma 
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The AKW Model 


WITH THE B. & L. WIDE 
FIELD BINOCULAR 
MICROSCOPE 


One of these three B. & L. Wide Field Mic- 
roscope Stands will answer your particular 
requirements. Each stand carries a micro- 
scope which enables you to see an object 
magnified from 7 to 150 diameters, right 
side up and unreversed with the additional 
advantage of actual perception of length, 
breadth, and depth. 


The AKW model with its removable glass 
stage plate can be easily taken into the shop 
and placed directly upon objects too large 
to be examined on the stage or to be moved 
conveniently, 

The BKW is identical with the AKW except that it has the additional base and mirror 
which permits it to be used also with transmitted light for transparent specimens. 


The SKW model is designed for everyday use on bench or table wherever a number of 
small objects are to be examined. Its heavy standard, vertical post and horizontal 
bar provide a wide range of adjustment and working space. It is a popular model for 
routine inspections. 


Before making your final choice write for details to Bausch & Lomb Optical Co., 
610 St. Paul Street, Rochester, N.Y. 


WE MAKE OUR OWN GLASS TO ‘ 
INSURE STANDARDIZED PRODUCTION 


FOR YOUR GLASSES, INSIST ON Bal 


ORTHOGON LENSES AND B & L FRAMES 


MAGNIFICATION 
so do the paired AS 
i 
4 
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PLANETARIUM, GRIFFITH PARK, LOS ANGELES 


COME TO THE 22ND ANNUAL MEETING 
THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
MARCH 17, 18, 19, LOS ANGELES, CALIFORNIA 


ON THE BEACH, LOS ANGELES COUNTY | 
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: ORANGE GROVES WITH SNOW-COVERED MOUNTAINS IN BACKGROUND, LOS ANGELES COUNTY 
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WHEN ST. PATRICK “SCOTCHED” 
THE SNAKES OUT OF IRELAND 


Little did he know that, several hundred years 
later, geologists from all over the United 
States would be assembling on his birthday in 
Los Angeles, California, to hold a three day 


convention. 


-) But things have changed since his time. Even 
in the last 20 years. 


* In that time Los Angeles has emerged from 
just another comparatively small American 
city to become the fifth in size in the United 
States. 


2 Los Angeles County deserts have been trans- 
formed into highly productive orange, lemon 
and walnut groves, not to mention a dozen 
other grown products which make it the rich- 
est county in the country from an agricultural 
viewpoint. 


‘* Its Harbor leads the world in export of 
petroleum products. 


2 Its manufacturing has put it in sixth place in 
the United States and, of course, the world 


knows that its sunshine has made it the film 


capital of the world. 


& When you come to Los Angeles next month be 
sure and take a few hours to see the sights 
of the City and County. 


* You, too, will return to your home amazed at 
the growth and progress made by Los Angeles 
County. 


THE LOS ANGELES COUNTY CHAMBER OF COMMERCE 
Los Angeles, California 
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REED 


CORE DA/LL 


For Increased Percentage Recovery of Larger Diameter Cores 


*Non-Rotating Core Catcher © *Non-Rotating Inner Barrel 
Outside Vent—Releasing Pressure Above the Core 
improved Rust Proof—Toggle Type Core Catcher 

*Core Catcher Protector 

*Core Drill Elevator, Eliminating Handling with Catline 


Write for 
Bulletin 
362 


REED ROLLER BIT COMPANY 
P.O. DRAWER 2119, HOUSTON, TEXAS 


LOS ANGELES, CALIF. OKLAHOMA CITY, OKLA. NEW YORK CITY 
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SUCCESSFULLY 
CONDUCTED IN 
MID-CONTINENT, GULF COAST 
| PACIFIC COAST, ROCKY MOUN.- 
TAIN, APPALACHIAN, GREAT 
| LAKES, CANADA, MEXICO 
AND VENEZUELA ....... 
i 


GEOPHYSICAL SERVICE INC. 
DALLAS, TEXAS 
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Proof of the superiority of Hughes Core 
Bits is found in their universal acceptance 
by the industry—an acceptance based 
entirely on results obtained in the field. 


Hughes Core Bits—both hard and soft 
formation type—really “bring the bottom 
of the hole to the derrick floor.” Designed 
to produce unusually large cores, they have 
thoroughly proven their dependability at 
all depths. 


Of course, Hughes Core Bits are “favor- 
ites —when preference is based on results. 


HUGHES TOOL COMPANY - HOUSTON, TEXAS, U.S.A. 
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